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The present invention relates to the field of peptides which are useful for combating plant pathogens, 
and methods of their use against plant pathogens. The present invention also relates to screening methods 
useful in conjunction therewith. 

Chemical compounds of various types can inhibit the growth of or kill microbes or other life forms. 

s Mankind has exploited this phenomenon as exemplified by such everyday items as over-the-counter 
disinfectants and pharmaceutical compounds such as antibiotics. The invention that is the subject of this 
work deals with modification to and elaboration upon a recently discovered class of antimicrobial com- 
pounds. Unlike the common antimicrobial compounds exemplified above, the compounds making up this 
class are proteins also known as peptides. Proteins are made up of individual building blocks called amino 

10 acids. The amino acids are linked together by chemical links called peptide bonds. One end of the string of 
amino acids that makes up a protein is called the N-terminal end or amino terminal end, and the other end 
is called the C-terminal or carboxy terminal end. Precisely which amino acid building blocks are selected to 
make up a peptide and the order of their selection is determined by the genetic material, i.e., the DNA of a 
cell. 

75 A particular peptide can be "built" in two ways. One way is to chemically synthesize the peptide using 
exclusively human, i.e., non-genetic intervention. Under this methodology the particular amino acid building 
blocks are selected and connected in the appropriate order using chemical reactions. This chemical 
synthesis of protejns does not directly involve biological or genetic assistance. The second method 
employs such assistance by manipulating the genetics of a cell system such that the system makes the 

20 desired protein. This latter methodology is commonly referred to as genetic engineering. 

The antimicrobial proteins that are the subject of this invention, as will be set forth more fully in detail 
below, have been modified as taught by this invention so that they are especially useful in agricultural 
settings. Using the discoveries and teachings of this invention, it has been established that antimicrobial 
peptides can be used to retard and/or kill plant pathogens that have proved to be a nuisance, or worse 

25 destructive, to plants having either agronomic value or horticultural value. Among the practical applications 
of this invention are the application of these antimicrobial peptides to plants using traditional methods such 
as sprays, or non-traditional methods such as by genetically modifying or engineering plant cells such as 
corn or potatoes to express these peptides. For example, genetic material that codes for one of the 
antimicrobial peptides of this invention could be inserted into corn (maize) that ordinarily does not have 

30 genes for these peptides thereby conferring a high degree of plant pathogen resistance to the genetically 
transformed corn plant. In this connection it is significant that these antimicrobial peptides ordinarily are not 
found in plant cells. In either event the benefits to society from this invention are anticipated to be quite 
significant because the antimicrobial compounds set forth herein could significantly reduce, or in some 
cases eliminate, the need for costly, petroleum-derived pesticide compounds. 

35 The antimicrobial peptides to which we have been referring were first reported in 1987 when two groups 
of researchers, one headed by Dudley H. Williams and one headed by Michael Zasloff successfully 
characterized and reported a number of peptides which are secreted by glands contained within the skin of 
the African Clawed Frog, Xenopus laevis. See, Giovannini, et a/., "Biosynthesis and Degradation of 
Peptides Derived from Xenopus Laevis Prohormones" Biochem. J., 243, (1987), 113-120; and Zasloff, 

40 "Magainins, A Class of Antt-microbial Peptides From Xenopus Skin: Isolation, Characterization of Two 
Active Forms and Partial cDNA Sequence of a Precursor," Proc Natl. Acad. Sci. USA Vol. 84, (1987). 5449- 
5453. Their research was prompted, at least in part, by the observation that this species of frog has 
remarkable recuperative power and the ability to remain free from infection during wound-healing with littl 
or no post-operative care. 

45 Amongst these peptides, two 23 residue compounds, popularly named magainins, have become the 
subject of increasing attention. These are Magainin 1 having an amino acid sequence of Gly-He-Gly-Lys- 
Phe-Leu-His-Ser-Ala-Gly-Lys-Phe-Gly-Lys-Ala-Phe-Val-Gly-Glu-lle-Met-Lys-Ser, and Magainin 2 having re- 
placements of Lys for Gly at position 10 and Asn for Lys at position 22 in the above sequence. Both 
Magainin 1 and Magainin 2 have been investigated for potential pharmaceutic use because of their broad 

so spectrum antimicrobial activity against human pathogens. This is particularly true of Magainin 2. 

In addition, a number of magainin based derivatives having varying degrees of activity have been 
produced and investigated. See Juretic, et at., "Magainin 2 Amide and Analogues. Antimicrobial Activity, 
Membrane Depolarization and Susceptibility of Proteolysis," Febs Lett. 249. (1989). 219-223; Chen, et aA, 
"Synthetic Magainin Analogues With Improved Antimicrobial Activity," Febs Lett. 236, (1988). 462-466; 

55 Cuervo, et ai, "Synthesis and Antimicrobial Activity of Magainin Alanine Substitution Analogs," Proceed- 
ings of the Eleventh American Peptide Symposium; Peptides: Chemistry, Structur and Biology (J.E. Rivier, 
et a/.), (1990), pp. 124-126, published by ESCOM-Leiden. Neth.; Cuervo, et aL "The Magainins: Sequence 
Factors Relevant to Increased Antimicrobial Activity and Decreased Hemolytic Activity," Peptide Research, 
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1. (1988) 81-86; World Patent Application No. WO 88/06597; and Japanese Patent Application No JP- 
l£99.299. These include the complete single residue omission analogue series of Magainin i and 2 select 
N-term.nal omissions of Magainin 2. as well as the complete alanine (Ala) replacement analog series of 
Magainin 2. and Magainin 2 derivatives which may be useful as an antibiotic and/or an anti-cancer druq and 
which are substituted at the 5th and 1 2th positions. 

Thes magainin derivatives raise more questions about the nature and characteristics of magainins and 
magainin derived peptides than they answer. For example, both Zasloff, et al. and Cuervo, et at hav 
reported that omission analogs of magainins have reduced activity against animal pathogens. See, Zasloff 
et al.. "Antimicrobial Activity of Synthetic Magainin Peptides and Several Analogs." Proc. Nat'l Acad Sci 
USA, 85. (1988). 910-913; and Cuervo, et al.. "The Magainins: Sequence Factors Relevant to Increased 
Antimicrobial Activity and Decreased Hemolytic Activity" supra. 8oth research groups also appear to agre 
that the N-terminal region (amino acids 1-14) is critical for the activity of the peptide with regard to animal 
pathogens. However, there is no agreement on the extent to which omissions in this region affect th 
antimicrobial activity of the resulting peptide. Zasloff's group have established that magainin omission 
derivatives having only a single omitted amino acid at the amino terminus do not show appreciable 
decrease in activity. According to Zasloff's research, only when the resulting peptide is 19 residues or 
shorter (consecutive omissions from the N-terminus) is the decrease in activity significant, and/or total This 
is in stark contrast to the findings of Cuervcfs group. Cuervo et al. found that single residue omissions in 
the N-terminal region totally defeated the activity of Magainin 1 and Magainin 2. 

These two research groups have also produced conflicting information with regard to the relative 
influence of single amino acid deletions on the carboxyl terminus of C-terminus Magainin 2. Zasloff and his 
colleagues have demonstrated that removal of the Ser residue at the carboxyl end of Magainin 2 essentially 
eliminated activity against human bacterial pathogens, while Cuervo et al. reported only limited reduction in 
the activity of this single omission derivative of Magainin 2 against some of the same human pathogens 
See M. Zasloff. WO 88/06597 and Cuervo et al.. "The Magainins: Sequence Factors Relevant To Increased 
Antimicrobial Activity and Decreased Hemolytic Activity." supra. Surprisingly, the present inventors have 
discovered that single and double residue omissions in the C-terminal (not N-terminal) region of magainins 
and magainin derived peptides can have a profound effect on activity, especially with regard to efficiency 
against plant pathogens (as opposed to animal pathogens). 

The examination of certain substitution derivatives of natural magainins only exacerbates these issues 
- of critical positions. Specifically, the N-terminal region of magainins and/or magainin-derived peptides is 
supposedly critical for activity. See Cuervo et al.. supra. In addition, a substitution of Ala in position 19 of 
the am.de form of Magainin 2 (Magainin 2-NH 2 ) yielded a five-fold increase in potency when compared to 
unsubstituted Magainin 2-NH 2 . This substitution was superior to all other Ala substitutions in positions 1-14. 
See, Cuervo et al. "Synthesis And Antimicrobial Activity of Magainin Alanine Substitution Analogs", supra; 
see, also. Chen et al.. "Synthetic Magainin Analogs With Improved Antimicrobial Activity," supra (reporting 
increased antimicrobial activity of a Magainin 2 having alanine substituted in the 8th. 13th, and/or 18th 
positions thereof). Thus, no clear guidance is existant as to the specific modifications which would render 
such peptides useful in protecting plants from plant pathogens. 

Much of the magainin literature has concentrated on the postulated mechanism by which magainin 
peptides inhibit microbial activity and cause lysis in. for example, protozoa. These papers have also 
discussed the interrelationship of the alpha-helix structure, size and charge attributed to these peptides and 
their utility as antimicrobial agents. See. generally, Matsuzaki, et al.. "Magainin 1 -Induced Leakage of 
Entrapped Calcein Out Of Negatively-Charged Lipid Vesicles," Biochimica Et Biophysics Acta, 981 - 
(1989), 130-134; Rana, et al.. "Outer Membrane Structure in Smooth and Rough Strains of Salmonella 
Typhimunum and Their Susceptibility to the Antimicrobial Peptides. Magainins and Defensins." Prog Clin 
Biol. Res. 292. (1989). 77-85; Chen, et al.. Magainin Analogs: A Study of Activity as a Function of Alpha- 
Helix Modification." Prog, of Eleventh American Peptide Symposium, supra, at pp. 124-126; Westerhoff. et 
al.. "Magainins and the Disruption of Membrane Linked Free-Energy Transduction," Proc. Natl. Acad. Sci 
USA. 86. (1989). 6597-6601. United States Patent Application Serial No. 07/021.493. filed March 4, 1987; 
See. also. Cannon. "A Family of Wound Healers." Nature 328. (1987). 478; Williams et al., "Raman 
Spectroscopy of Synthetic Antimicrobial Frog Peptides Magainin 2a and PGLa", Biochemistry. 29, (1990), 
4490-4496; Rana et al. "Interactions between Salmonella Typhimurium Lipopolysaccharide and the An- 
timicrobial Peptide. Magainin 2 Amide". FEBS LETT. 261. (1990). 464-467. Feb. 1990; Berkowitz et al. 
"Magainins: A New Family of Membrane-Active Host Defense Peptides", Biochemical Pharmacology, 39 
No. 4. pp 625-629. 1990; Duclohier. et al., "Antimicrobial Peptide Magainin 1 from Xenopus Skin Forms 
An.on-Permeable Channels in Planar Lipid Bilayers." Biophys. J. 56. (1989). 1017-1021. See. also. Urrutia. 
"Spontaneous Polymerization of the Antibiotic Peptide Magainin 2," FEBS LETT. 247. (1989). 17-21. 
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The published works regarding magainins and other classes of antibiotic or antimicrobial peptides (for 
example, cecropins, defensins, sacotoxins, melittins. and the like) of which the inventors are aware have 
generally centered on human pharmaceutical-related health technologies. Exceptions, however, include two 
applications filed by Jaynes et aL (WO 89/04371 and WO 88/0976) which generally relate to plants which 

5 have been genetically enhanced for disease resistance. Jaynes et at, have speculated without supporting 
data that genetically transformed plants may be produced which contain an expressible heterologeous gene 
for an antimicrobial peptide. In this way, it is hoped that the plant has enhanced resistance to disease. 
According to Jaynes et aL however, peptides such as melittins, bombinins, and magainins having less than 
about 30 residues are not preferred for use in crop protection applications, presumably, since the host plant 

w cells may be adversely affected by their incorporation and/or presences. 

The preferred peptides in accordance with Jaynes et aL have from about 30 to about 40 amino acids 
because they are more specific for bacteria and fungi. Jaynes et al. also state that peptides having more 
than about 40 amino acids may not be sufficiently antimicrobial when used alone to provide a broad 
spectrum of antimicrobial protection. The approach of Jaynes et al. for protecting plants from plant 

T5 pathogens appears to center on finding specific, naturally occurring peptides having a level of activity and 
sensitivity close to that considered advantageous and then to modify that peptide to optimize its char- 
acteristics. See also, Jaynes et aL "Increasing Bacterial Disease Resistance In Plants Utilizing Anti- 
bacterial Genes from Insects," BioEssays 6. (1987), 236-270. 

Others have published information relating to the incorporation of antimicrobial peptides into plants or, 

20 in fact, the use of antimicrobial peptides to protect plants from plant pathogens. See. EP-A- 299,828; T. 
Casteels et aL "Apidaecins: Antibacterial Peptides From Honeybees," The EMBO J., 8, (1989), 2387-2391; 
F Ebrahim-Nesbat et aL "Cutivar-Related Differences in the Distribution of Celt-Wall-Bound Thionins in 
Compatible and Incompatible Interactions Between Barley and Powdery Mildew," Planta, 179, (1989), 203- 
210. However, the published information lacks a discussion regarding the various problems and solutions 

25 associated with the incorporation and/or use of such peptides with plants. It is desirable that the 
antimicrobial peptides of this invention are not only useful in protecting a plant from plant pathogens, but 
that the peptides do not significantly harm the very plant cells they are intended to protect. 

Proteins produced in nature often comprise a Met amino acid bonded to the amino or N-terminal end. 
This is not the case with naturally occurring magainins or other naturally occurring antimicrobial peptides. 

30 Part of the present invention addresses synthesis of peptides having an N-terminal Met residue. Having 
synthesized such peptides, this invention also sets forth how such peptides are useful to protect plants from 
plant pathogens. 

Prior to this invention, no one has considered modifying magainin based peptides such that they are 
both active against plant pathogens and particularly suited for use with and/or for incorporation into plants. 

35 Specifically, no one has considered the effect of naturally occurring plant enzymatic activity on antimicrobial 
peptides, i.e., the effect of plant proteolytic activity on the antimicrobial peptides such as those set forth in 
this invention; the potential deleterious effect of antimicrobial peptides on the plant cells the peptides are 
supposed to protect; or how such detrimental interactions can be ameliorated. Similarly, no one has 
squarely faced the impact of modified magainins on plant cell toxicity, also known as phytotoxicity. 

40 The present invention addresses not only the need for antimicrobial peptides active against at least one 
plant pathogen, but also addresses the need for peptides which are specifically designed to operate in the 
plant kingdom. As a result of this invention.it has been determined that that Magainin 1 derivatives are 
generally lower in phytotoxicity. Consequently, this invention shows that these derivatives are especially 
useful in agricultural and agronomic settings in which the peptides could be used on the plants, e.g.. as a 

45 spray, or be incorporated into a plant, e.g., genetically engineering a plant cell so that the plant cell itself 
produces the peptide. Further, it has been unexpectedly found that certain bonds between the amino acid 
constituents of magainins are sensitive to proteolytic degradation. There have also been developed 
antimicrobial peptides which are resistant to such degradation, and it has been shown that these changes 
do not compromise antimicrobial activity and do not increase phytotoxicity. 

so It is therefore one object of the present invention to provide for peptides which have been specifically 
designed to be useful for retarding plant pathogens and, more particularly, for protecting plants from plant 
pathogens. 

It is also an object of the present invention to provide antimicrobial peptides which are resistant to 
degradation by plants. 

55 It is also an object of the present invention to provide antimicrobial peptides which have antimicrobial 
properties and acceptable phytotoxic properties. 

It is also an object of the present invention to provide antimicrobial peptides having an N-terminal Met 
or (f)Met amino acid. 
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Yet another object in accordance with the present invention is the provision of a process for retarding 
plant pathogens, especially to the benefit of agricultural and horticultural cultivation 

Another object in accordance with the present invention is the provision of DNA capable of expressino 

s rsVpXT 0 * P8PUdeS - eXPeCia " y Wh8n ° NA " 6XPr9SSed in 3 9ene,idal " 4ineel c P J S such 
hereof" ^ ^ ° bjeCtS W '" *" readHy apparent to ,hose in the relevant technologies upon review 
The present invention represents the culmination of the recognition and discovery of certain facts 
,« P , e h^ ar . SP8C 'n an,imicrobial P e P tid9s and »eir interaction with plant pathogens, plant cells, and/or 
»o subcellular organelles of plants. The present inventors have identified and characterized a Cass of 
ant.m.crob.d peptides designated AMPPPs which are active against plant pathogens and useful in 
protecting plants from disease, infection, infestation, and other conditions deleterious to plants The present 
.nvent.cn .s not limited in its applications to peptides which may serve to irradicate plant pathogens The 
present inventors have also discovered how these AMPPPs may be rendered ineffective by the natural 
rs mechanisms of the organisms that they seek to protect and have developed ways to prevent this 
occurrence. The present inventors have discovered that AMPPPs. including Magainin 1 and Magainin 2 may 
be cleaved between positions 7 and 8 (Xaa'-Xaa«) and also between positions 21 and 22 (Xaa^-Xaa*) 
when exposed to a plant protease. It has also been found that the cleavage of the bond between positions 7 

^ 1 k 3S A™!* drama,iC 8ffeCt °" thS antimicrobial a <*vity of the resulting peptide fragments. Cleavag 
of the bond between ammo acids 21 and 22 also has a dramatic effect on the resulting fragments. How ver 
when cleavage of the bond between Xaa' and Xaa> is minimized, the cleavage of the bond between Xaa*-' 
and Xaa appears to significantly change only antibacterial activity and not antifungal activity It has also 
been discovered, quite unexpectedly, that the substitution of specific amino acids at positions 7 and/or 8 
can significantly reduce proteolytic sensitivity. In fact, the present inventors discovered that the substitution 
of a lysine (Lys) or arginine (Arg) at position 7 all but eliminates proteolytic sensitivity at that site This is 
particularly unexpected in view of the charge similarities between arginine. lysine, and the histidine (His) 
residue which normally occupies that position. The substitution of glutamic acid (Glu) at position 8 .similarly 
an But eliminated proteolytic degradation of a so-substituted AMPPP. • 
,„ amdd^I additional,y unexpectedly been found that several of the substitutions which produce 
30 AMPPPs having increased resistance to proteolysis also resulted in AMPPPs having acceptable,^ even 
- enhanced, antifungal and/or antibacterial activity. For example, modifications such as a substitution of Arg or 
Lys at position 7 not only reduces the susceptibility of the peptide bond between positions 7 and 8 to plant 
proteolysis but also increases the resulting AMPPP's activity with regard to specific plant pathogens ' 

« amddd Pr6Sent ? m ° rS h3Ve a ' S ° determined that tn e addition of a Met residue at the N-terminus of 
35 AMPPPs. ,n general, does not substantially reduce the bioactivity thereof against specific plant pathogens 

For example, addition of Met to the N-terminus of Magainin 2 or [Ala* Ala'*]Magainin 1 produced AMPPPs 

which were still significantly active against several plant pathogens. 

n. a „!l haS a,S ° 11 be , en discover * d »at Magainin i and AMPPPs based thereupon are preferred for use with 
plants especially for combatting plant pathogens negatively affecting agronomic and horticultural plants of 

s ^ n '^ ance - . Tnese P e P« d °s a '*o have good resistance to degradation by plant proteases and 
exhibit desirable phytotoxic properties. 

Having established the aforementioned parameters, the inventors have been able to engineer an- 
timicrobial peptides specifically adapted for use in or with plants and which evidence the necessary 
« ^SSS, " I" . ? S,stance t0 p,ant gradation, e.g.. proteolysis, significant antimicrobial activity, and 
4S sufficiently low phototoxicity. The engineered AMPPPs of this invention are useful for protecting plants from 
plant pathogens by conventional application technology. These AMPPPs will be far more successful when 
genes which can express these peptides are inserted and incorporated into the genome of a plant such that 
the peptide is expressed in the plant and in subsequent generations thereof 

«„ k a " ordance with the abov * objects, there is provided a composition of matter which is a Magainin 1 
so substitution derivative and which has the amino acid sequence 

Gly-Ile-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Xaa-Xaa- 
5S Phe-Xaa-Lys-Ala-Phe-Val-Xaa-Xaa-Il -Xaa-Lys- 

Xaa 

wherein Xaa*. Xaa'. Xaa'. Xaa". Xaa*. Xaa". Xaa". Xaa<" and Xaa". may be the same or different and 
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are selected from the group consisting of Ala, Arg, Orn, Asn, Asp. Gin, Glu, Gly, His, lie, Leu. Lys, Met. 
Phe, Pro, 3Hyp, 4Hyp, Ser, Thr. Trp, Tyr, 3,4-dihydroxyphenylalanine and Val, and wherein Xaa' 0 is 
selected from the group consisting of Ala, Arg, Orn, Asn, Asp, Gin, Glu, Gly. His, He, Leu, Lys, Met, Phe, 
Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine, and Val, with the proviso that the AMPPP is not Magainin 1! 
With regard thereto, "not Magainin 1 " is understood to mean that the compositions in accordance herewith 
are not inclusive of an unsubstttuted Magainin 1 peptide. 

Compounds in accordance with this aspect of the present invention are generally useful against one or 
more type of plant pathogen. These AMPPPs may additionally have increased resistance to proteolytic 
degradation when compared to, at least, Magainin 1 and are designed to have acceptable phytotoxic levels, 
most particularly so in conjunction with agricultural uses of such compounds. 

In accordance with another aspect of the present invention, there is provided a composition of matter 
which is a Magainin 2 substitution derivative and which has the amino acid sequence 

Gly-Ile-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Xaa-Xaa- 

Phe-Xaa-Lys-Ala-Phe-Val-Xaa-Xaa-Ile-Xaa-Asn- 
Xaa 

wherein Xaa 5 , Xaa 7 . Xaa 8 , Xaa 11 , Xaa :3 , Xaa 18 . Xaa 19 , Xaa 21 and Xaa 23 may be the same or different and 
are selected from the group consisting of Ala, Arg, Orn, Asn, Asp, Gin, Glu, Gly, His, lie, Leu. Lys, M t, 
Phe, Pro, 3Hyp, 4Hyp, Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Val, and wherein Xaa 10 is 
selected from the group consisting of Ala. Arg, Orn. Asn, Asp, Gin, Glu, Gly, His, lie, Leu, Lys, Met. Phe, 
Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Vai with the proviso that the AMPPP is not Magainin 2 f 
Magainin 2 substituted only at Xaa 21 , Magainin 2 substituted only in at least two of Xaa 3 , Xaa 13 and Xaa 18 
with Ala and with the further proviso that the AMPPP is not Magainin 2 substituted with only a single Ala. 

These AMPPPs, which are substitution derivatives of Magainin 2, like their Magainin 1 counterparts, 
have the benefit of either specific or broad spectrum antimicrobial/antibiotic activity against plant pathogens! 
Many also have increased resistance to proteolytic degradation and/or do not have increased phytotoxicity 
when compared to their Magainin 1 or Magainin 2 counterparts. 

_ Particularly preferred AMPPPs in accordance with the foregoing discussion are the Magainin 1 or 
Magainin 2 substitution derivatives previously described, wherein Xaa 6 is an amino acid selected from the 
group consisting of Asn, Pro. 3Hyp, 4Hyp,lle,and Leu, Xaa 7 is an amino acid selected from the group 
consisting of Phe, Ala. Met, Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine, Gin, Pro, 3Hyp, 4Hyp, Lys, Asn, 
Glu, His, Asp. Orn, and Arg. Xaa 8 is an amino acid selected from the group consisting of Ala, Met, Pro! 
3Hyp, 4Hyp, Thr, Ser, Trp. Tyr, 3,4-dihydroxyphenylalanine. Gin, Lys, Asn, Glu, His, Asp, Orn. and Arg! 
Xaa 10 is an amino acid selected from the group consisting of Gly, Leu, Me, Val, Ala, Phe, Met. Thr' Ser, Trp! 
Tyr, 3,4-dihydroxyphenyialanine. Gin, Lys, Asn, Glu, His, Asp, Orn, and Arg, Xaa 11 is an amino acid 
selected from the group consisting of Met, Trp, Tyr, 3,4-dihydroxyphenylalanine, Gin, Lys, His, Pro, 3Hyp, 
4Hyp, Ser, Orn, and Arg, Xaa 13 is an amino acid selected from the group consisting of Leu, lie, Trp, Ph 
Val, Ala, Gly. Pro, 3Hyp, and 4Hyp, Xaa 18 is an amino acid selected from the group consisting of Thr, Trp! 
Tyr, Asp, Glu. Lys, Arg, Gin, His, Met. Ala, Gly, Pro, 3Hyp, and 4Hyp, Xaa 19 is an amino acid selected from 
the group consisting of Ala. Glu, Pro, 3Hyp, and 4Hyp, and Xaa 21 and Xaa 23 may be the same or different 
and are selected from the group consisting of Arg. Orn, Asp. His. Glu, Lys, Gin, Tyr, Thr, 3,4-dihydrox- 
yphenylalanine. Trp, Met. Asn, Ser, Ala. Phe, Val. He. Leu. Pro, 3Hyp and 4Hyp. 

More preferred AMPPPs in accordance with the previously described substitution derivatives include 
those having an amino acid sequence wherein Xaa 6 is Leu, Xaa 7 is an amino acid selected from the group 
consisting of Phe. Ala. Met. Thr, Tyr, Gin, Lys, His and Arg, Xaa 8 is an amino acid selected from the gro_up 
consisting of Ser, Ala, Met, Thr, Trp, Tyr, Gin, Lys, Asn, Glu. His, Asp and Arg, Xaa 10 is an amino acid 
selected from the group consisting of Gly, Leu. Val. Ala, Met. Thr, Ser. Trp, Tyr, Gin, Lys. Asn, Glu. His, 
Asp and Arg, Xaa 11 is an amino acid selected from the group consisting of Met, Trp, Tyr, Gin, Lys, His, Ser, 
and Arg, Xaa 13 is an amino acid selected from the group consisting of Ala, Gly, Leu, lie, Trp. Phe, and Val! 
Xaa 18 is an amino acid selected from the group consisting of Ala, Gly, Thr, Trp, Tyr, Asp, Glu, Lys, Arg, 
Gin, His and Met. Xaa 19 is an amino acid selected from the group consisting of Ala and Glu. Xaa 21 is an 
amino acid selected from th group consisting of Arg, Asp. His, Glu. Lys, Gin, Tyr, Thr, Trp, Met, Pro. 
3Hyp, 4Hyp, and Ala, and Xaa 23 is an amino acid selected from the group consisting of Ser, Thr, Val, Ala, 
Leu, lie, Trp, Phe, His, Gin, Pro, 3Hyp, 4Hyp, and Tyr. 

Of course, the preferred and more preferred AMPPPs just described are subject to the same provisos 
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as previously articulated. 

In another preferred embodiment in accordance with this aspect of the present invention AMPPPs are 
provded wh,ch are substitution derivatives of Magainin i or Magainin 2 and which are designed to be 
espeaa ly res.stant to plant proteolysis. These substitution derivatives generally include at least one 

cons S S n o ; P.* «*l ' a r° f c Xaa2 '- MOfe Pr8,erably ' Xaa ' is an amin ° acid Tom the group 

cons L n« n TH T T ^ ^ ^ ^ **• ' S 30 3min0 aCid selected «™ the group 

cons SnL, a , Ser u A, ^ 1 H,S - ASP> and GIU ' Xaa *' is an a ™° «id selected from the group 

cons.st.ng of Arg, Lys. H,s. Gin. Trp. Tyr, Thr. Val. Ala. Leu. I.e. Glu. Asp. Phe. Pro. 3Hyp. 4H yp . and Met 

In accordance with another aspect of the present invention, there is provided a composition of matter 
Tmddd " „ a subst,tution Privative of Magainin 1 nor a substitution derivative of Magainin 2 These 
AMPPPs generally have the amino acid sequence 

Gly-Ile-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Xaa-Xaa- 

Phe-Xaa-Lys-Ala-Phe-Val-Xaa-Xaa-Ile-Xaa-Xaa- 
Xaa 



55 



where.n Xaa< Xaa>, Xaa«, Xaa". Xaa'3, Xaa'°, Xaa". Xaa* Xaa* and Xaa« may be the same or different 
20 and are selected from the group consisting of Ala, Arg. Orn, Asn. Asp. Gin. Glu. Gly. His. lie. Leu, Lys Met 
Phe. Pro 3Hyp, 4Hyp. Ser. Thr. Trp. Tyr. 3.4-dihydroxyphenylalanine and Val. and wherein Xaa'o is 
selected from the group consisting of Ala. Arg. Orn. Asn, Asp. Gin. Glu. Gly. His. lie, Leu. Lys, Met Phe 
Ser. Thr, Trp. Tyr 3.4-dihydroxyphenylalanine and Val and wherein when Xaa* is Lys. Xaa'° may not be 
Gly and when Xaa 22 is Asn. Xaa'° may not be Lys. 
25 AMPPPs in accordance with this aspect of the present invention, are similar in structure to Magainin 1 
Magain.n 2. and the substitution derivatives thereof previously described. These AMPPPs also have either 
spec.f.c or broad spectrum activity against plant pathogens, and may also have increased resistance to 
plant proteolysis and/or may not have increased phytotoxicity 
,„ am ln aCC ° rd3 " Ce yet another »P«* of the present invention, AMPPPs are provided which include an 
a Zl 3 K T k, th6 9r ° UP consistin 9 ° f M et and N-formylated Met "(f)Met." bound through a 
- peptide bond to the N-term.nus of a peptide selected from the group consisting of an AMPPP wherein on 
or more ammo acids thereof are substituted with an amino acid selected from the group consisting of Ala 
Arg. Orn Asn. Asp. Gin. Glu. G.y. His. He, Leu. Lys. Met. Phe. Ser. Thr. frp. Tyr. 3,4^hydrox 

,« V rl ^ T ne „ 3 1 d Va ' and Wher8in amino acid other than ,ne amino acid * Portion 10 of the AMPPP 
^Hyp " substituted with an amino acid selected from the group consisting of Pro. 3Hyp and 

In accordance with a more preferred aspect of the above-described invention. AMPPPs have Met or (f)- 
Met appended to the end terminus of the amino acid sequence 

40 

Gly-lle-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Xaa-Xaa- 

Phe-Xaa-Lys-Ala-Phe-Val-Xaa-Xaa-Ile-Xaa-Xaa- 
Xaa 

wherein Xaa< Xaa'. Xaa'. Xaa". Xaa<3, Xaa". Xaa". Xaa*. Xaa*. and Xaa" may be the same or different 
and are selected from the group consisting of Ala. Arg. Orn, Asn. Asp, Gin. Glu, Gly. His. lie. Leu. Lys Met 
Phe. Pro 3Hyp. 4 Hyp. Ser. Thr. Trp. Tyr. 3.4-dihydroxyphenylalanine and Val. and wherein Xaa'° is 
selected from the group consisting of Ala. Arg. Orn. Asn, Asp. Gin. Glu. Gly. His. lie. Leu, Lys Met Phe 
Ser, Thr, Trp. Tyr. 3,4-dihydroxyphenylalanine and Val. ' 

h «» Th » eSe H M fK" A T PPS and < f > Met - AMPPPs ** "seful in retarding plant pathogens in as much as it has 
rlZ, * 1/ these peptides retain specific and/or broad spectrum activity against plant pathogens 
despite the Met or (f)Met extension. These peptides may additionally possess decreased proteolytic 
s nativity to plant proteases and/or do not possess increased phytotoxicity. These peptides may also be 
particularly useful for incorporation within plant or bacterial cells and for genetic expression in cells 
generally. 

In accordanc with another aspect of the present invention, there are provided single residue omission 
derivatives of an AMPPP having the amino acid s quence omission 
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Gly-Ile-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Xaa-Xaa- 
Phe-Xaa-Lys-Ala-Phe-Val-Xaa-Xaa-Ile-Xaa-Xaa- 

5 *aa 

wherein Xaa 6 . Xaa 7 , Xaa 8 , Xaa 11 , Xaa 13 , Xaa 18 , Xaa 19 . Xaa 21 , Xaa 22 , and Xaa 23 may be the same or different 
and are selected from the group consisting of Ala. Arg, Orn, Asn, Asp, Gin, Glu, Gly, His, He, Leu, Lys, Met 
Phe f Pro, 3Hyp, 4Hyp, Ser f Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Val. and wherein Xaa 10 is 
io selected from the group consisting of Ala. Arg, Orn, Asn, Asp, Gin, Glu, Gly, His, tie, Leu. Lys, Met, Phe, 
Ser. Thr, Trp, Tyr, 3,4-dihydroxyphenylatanine and Vai and wherein when Xaa 22 is Lys, Xaa 10 may not be 
Gly and when Xaa 22 is Asn, Xaa 10 may not be Lys. 

Other peptides in accordance with a related aspect of the present invention include double residue 
omission derivatives of an AMPPP having the amino acid sequence 

15 

Gly-Ile-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Xaa-Xaa- 
Phe-Xaa-Lys-Ala-Phe-Val-Xaa-Xaa-Ile-Xaa-Xaa- 

wherein Xaa 6 , Xaa 7 , Xaa 8 , Xaa 11 , Xaa 13 , Xaa 18 , Xaa 19 , Xaa 21 , Xaa 22 , and Xaa 23 may be the same or different 
and are selected from the group consisting of Ala, Arg, Orn, Asn, Asp, Gin, Glu, Gly, His, He, Leu, Lys, Met, 
Phe, Pro, 3Hyp, 4Hyp, Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Val, and wherein Xaa 10 is 
25 selected from the group consisting of Ala, Arg, Orn, Asn, Asp, Gin, Glu, Gly, His. lie. Leu, Lys, Met, Phe, 
Ser, Thr, Try, Tyr, 3,4-dihydroxyphenylalanine and Val and wherein when Xaa 22 is Asn, Xaa 10 may not be 
Lys. 

These single and double residue omission derivatives may further include an amino acid selected from 
the group consisting of Met and (f)Met, bound through a peptide bond to the N-terminus thereof. 

30 In accordance with another aspect of the present invention, there is provided a composition of matter 
comprising a peptide selected from the group consisting of single residue omission derivatives of a peptide 
having a sequence Gly-lle-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Gly-Xaa-Phe-Xaa-Lys-Ala-Phe-Val-Xaa-Xaa-lle- 
Xaa-Lys-Xaa, double residue omission derivative of a peptide having a sequence Gly-lle-Gly-Lys-Phe-Xaa- 
Xaa-Xaa-Ala-Gly-Xaa-Phe-Xaa-Lys-Ala-Phe-Val-Xaa-Xaa-lle-Xaa-Lys-Xaa, single residue omission deriva- 

35 tives of a peptide having a sequence Gly-He-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Lys-Xaa-Phe-Xaa-Lys-Ala-Phe- 
Val-Xaa-Xaa-lle-Xaa-Asn-Xaa, and a double residue omission derivatives of a peptide having a sequence 
Gly-lle-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Lys-Xaa-Phe-Xaa-Lys-Ala-Phe-Val-Xaa-Xaa-lle-Xaa-Asn-Xaa, wherein 
Xaa 6 , Xaa 7 , Xaa 8 , Xaa 11 , Xaa 13 , Xaa !8 , Xaa 21 , Xaa 23 may be the same or different and may be selected from 
the group consisting of Ala, Arg, Orn, Asn, Asp, Gin, Glu, Gly, His, lie, Leu, Lys, Met, Phe, Pro, 3Hyp. 4Hyp, 

40 Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Val with the proviso that at least one non-omitted 
position is substituted. 

These single and double residue omission AMPPPs may also include an amino acid selected from the 
group consisting of Met and (f)Met bound to the N-terminus thereof through a peptide bond. The phrase "at 
lease one non-omitted position is substituted" is intended to describe AMPPPs in accordance with the 
45 present invention which when compared to Magainin 1 and/or Magainin 2 include at least one substitution in 
addition to a single or double residue omission. These peptides would include [Arg 7 , Des Lys 22 , Des Ser 23 ]- 
Mag 1, [Des Gly 1 , Glu 8 , Des Ser 23 ]Mag 1 and/or [Ala 13 , Ala 18 , Des Met 21 ]Mag 1. With regard to the AMPPPs 
in accordance with this aspect of the present invention, at least one substitution must persist, even after 
omissions are made. 

so The AMPPPS previously described which are neither Magainin 1 nor Magainin 2 preferably include a 
sequence as provided herein wherein Xaa 22 is an amino acid selected from the group consisting of Arg, 
Orn, Asp, His, Glu, Lys, Gin, Tyr, 3,4-dihydroxyphenylalanine, Try, Met, Asn, Ala, Pro, 3Hyp, Ser, Thr, and 
4Hyp, and wherein Xaa 6 is an amino acid selected from the group consisting of Asn, Pro, 3Hyp, 4Hyp t He 
and Leu.Xaa 7 is an amino acid selected from the group consisting of Ph , Ala, Met, Ser, Thr, Trp, Tyr, 3,4- 

55 dihydroxyphenylalanine, Gin, Pro, 3Hyp, 4Hyp, Lys, Asn, Glu, His, Asp, Orn, and Arg, Xaa 8 is an amino acid 
s lected from the group consisting of Ala, Met, Pro, 3Hyp, 4Hyp, Thr, Ser, Trp. Tyr, 3,4-dihydrox- 
yphenylalanine, Gtn, Lys. Asn, Glu, His, Asp, Orn, and Arg, Xaa 10 is an amino acid selected from the group 
consisting of Gly, Leu, He, Val, Ala, Phe, Met, Thr, Ser, Trp, Tyr, 3,4-dihydroxyphenylalanine, Gin, Lys, Asn, 
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^ Hih^ I " d Arg ' Xaa is an amino selected from the group consisting of Met Trp Tyr 

^ yP ,r y aan,ne - G,n " LyS - HiS ' Pr °' 3HyP " 4H ^ Ser ' 0rn - and ^9. Xaa^ 9 i s an amino add 

selected from the group consisting of Leu. I.e. Trp. Phe. Val. A.a. G.y. Pro. 3Hyp. and 4Hyp w" j * 

. ro'HyTa^HVr 9r ° UP COnSiStinQ °' Thr " TrP - Tyr - ASP ' Glu ' LyS " ^ Q«n H^Met A.a 
4HVP and £l' al X^ " "kT ^ Se,SCt9d ^ Qr ° UP C ° nSiS, ' n9 ° f A ' a ' G ' U " Pro ' 3H VP and 
Or Aso His n , A ma r x. 9 T" ° f diff9rent 30(1 ^ S6leCted fTOm th9 9 rOU P "listing of Arg. 
Leu! Pr S o P 3Hy S p ?n d 4HVP ^ ^^^^^-V-afanine. Trp.Met. Asn. Ser. A,a. Phe.V ,J 

, ^^ir?* 6 ' * ^ °' th9 PreSem invemi0n ' AMPPPs nave a se ^ uence wh « f *" Xaa" is an amino acid 
Thvo and a7, ; e S 9 7 CO ff n9 °' LyS> ASn ' Ar9, ASP - HiS - GIU ' ^ G'n.Tyr.Thr.Trp.Met. Z 3Hyp 
Tyr yP G.n Lvs HTand X * " " 3min ° *** ""^ * 0m ,he 9f ° UP COnSiSti " 9 of Phe. Ala. Met Z[ 
Tr J f ^ . . M ' S 30 amm0 ac,d selected ,rom the 9'oup consisting of Ser. Ala Met Thr 

Q v leu Vai E ^ ' ^ ^ ^ ^ iS - ^ 3dd Se,ected f ™ *• 9roup consisting oi 

*UZ * ' ' ^ TrP> Tyr ' Gln ' LyS - AS "' G,u ' His ' As P and *9. is an amino add 

i 9f0UP C ° nS,Sting ° f M6t ' TrP " Tyr - G ' n - Lys ' His " Ser " and Ar 9- x ^'3 is an amino ac d 

from he iTn °T " Qly ' Uu ' ^ Trp ' Phe ' and Val ' « «" ^ino acfd seLTed 

acid e e ectTd P fr Qm n r ,n9 *' ^ Tyr " ^ G ' U - LyS ' Gln - His and Met " Xaa ' 9 « am no 

acd selected from the group cons-sting of Ala and Glu. Xaa*' is an amino acid selected from the arouo 

cons.st.ng of Arg. Asp. His, Glu. Lys. G.n. Tyr. Thr. Trp. Met. Pro. 3Hyp, 4Hyp. and Ala and Xaa" ^s an 
4Hyp%^Ty e r ^ ^ °' ^ ^ V- ' A ' 3 ' Leu ^ Phe ' h5. G.n. Pro. 3Hy P 

r»,iH? a an ° ther Pr6 !! rred aSP6Ct ° f the pr6Sent invention - ,h «e AMPPPs including the single and double 

ZpPs ZtrZ^T 5 ' T\^V nd ( ' )Met AMPPPS - and ,he "-^nin 1. non-Mag^ 2 
rl ' , preierabt V have an incre «ed resistance to degradation by one or more plant 

ZTr xL- Z« m ° re Pre 'f rre v d AMPPPS 96nera,,y inc,ude at ,east °" e ^bstitution at Xaa'. Xaa« Xai" 

and Gu , P a 9 ' f ' S 30 amm ° 3Cid Se,eCt8d fr0m the 9'<*P consisting of Thr. Asp Ser.Ala 

P?n ?u ' .1 S 3n 3m,n0 3C,d Se,eCted ,rom ,he 9 roy P consisting of Arg, Lys. His. Gin. Trp. Tyr Thr Ala 
? r HyP T 4HyP ' and Met ' and Xaa22 j s an amino acid selected from the group consisting ,5 Arg.' Lyl' Si" 
■ Ther'e Jl ^'^"^yP^W"^ Thr. Pro. 3Hyp. 4Hy P , Val. A.a. Glu. Asp. Phe, Asn and Me .' 
- There are also prov.ded peptides, in accordance with one aspect of the present invention which" Include 
an am.no acd selected from the group consisting of Met and (f)Met. bound through a peptide bond to me 
^ZT 3 PePtldS SeleCt8d ,r ° m th9 9r0UP COnsistin «> of sin 9'« ^sidue omission derivTve-s o a 
XaLfe-XaaTv! xJT,T G ^ e - Gi ^ S ' Ph ^^^^ 

Xaa ne-Xaa-Lys-Xaa. double res.due om.ssion derivatives of a peptide having a sequence Gly-lle-Glv-Lvs- 
Phe-Xaa-Xaa-Xaa^ 

denvafves of a pept.de having a sequence Gly-He-G.y-Lys-Phe-Xaa-Xaa-X^^ 

Phe-Va^Xaa-Xaa-lte-Xaa-Asn-Xaa. and double residue omission derivatives of a peptide halg a sequence 

seTected^rom ^hl'n ' ■ ' ' may be ,he same °< and may be 

5? HL ^ 4HJo%r^ C T nS,S ? 9 ? A ' 3, Ar9, ° m ' ASn ' ASP ' Gln ' Glu " G| y- His " Leu - Lys. M«. Phe. 
Pro, 3Hyp. 4Hyp. Ser. Thr. Trp, Tyr. 3.4-dihydroxyphenylalanine and Val 

™ aCCOrd3nCeWith an0th6r 3Sp6Ct °' the present '"^ntion. an AMPPP composition is provided 

^ZSSLSS?*^ b6tWeen 18 3nd ab0ut 23 amin ° 3Cid fesidues the peptide being 

substituted such that it is res.stant to degradation by at least one plant protease 

abouT23 e a S r„ C o 3 C H ° mpOSition of matter is P rovided '"eluding a peptide having between about 18 and 
about 23 ammo acd res.dues, sa.d peptide being a derivative of a peptide having the amino acid sequence 

Gly-ile-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Xaa-Xaa- 

Phe-xaa-Lys-Ala-Phe-Val-xaa-Xaa-lle-Xaa-Xaa- 
Xaa 

a^dTre s^t^T ^ ^ ^ ^ 3 " d Xaa23 ' may b th same - d ^e"t 

The Pro 3H^ i h 9roup cons.st.ng of: A.a. Arg. Orn. Asn. Asp. G.n. Glu. Gly. His. lie. Leu, Lys. Met. 

selLt^ fr^Z VP> • r ' TrP ' Tyr ^iW^VPhenylalanine and Val. and wherein Xaa" is 
selected from the group cons.st.ng of Ala. Arg. Orn, Asn. Asp. Gin. Glu. Gly, His. lie. Leu. Lys Met Phe 
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Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Val, the peptide being substituted such that it is resistant 
to proteolytic degradation by at least one plant protease. 

Another preferred aspect of the present invention is the provision of an oligonucleotide which is 
specifically adapted to express any of the AMPPPs previously described. 
5 For example. Magainin 1 substitution derivatives can be expressed from an oligonucleotide having the 

nucleotide sequence 

GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYNNNA 40 
ARGCNTTYGT NNNNNNNATH NNNAARNNN 69 

10 

where C is cytosine, A is adenine, G is guanine, T is thymine, H is a variable which can be adenine, 
cytosine. or thymine but not guanine, R can be adenine or guanine, Y can be cytosine or thymine, and N 
can be adenine, cytosine, guanine or thymine, and wherein N16-N18, N19-N21. N22-N24, N31-N33, N37- 

75 N39, N52-N54, N55-N57, N61-N63, and N67-N69 cooperate to code for an amino acid which may be the 
same or different and are selected from the group consisting of Ala, Arg, Asn, Asp, Gin, Glu, Gly. His, lie, 
Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, and Val. and wherein N28-N30 cooperate to code for an amino 
acid selected from the group consisting of Ala, Arg, Asn, Asp, Gin, Glu, Gly. His, He, Leu, Lys, Met, Phe. 
Ser, Thr, Trp, Tyr, and Val with the proviso that said oligonucleotide may not code for Magainin 1. 

20 Magainin 2 substitution derivatives can be expressed from an oligonucleotide having the nucleotide 
sequence 

GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYNNNA 40 
25 ARGCNTTYGT NNNNNNNATH NNNAAYNNN 69 

wherein N16-N18, N19-N21, N22-N24. N31-N33, N37-N39, N52-N54, N55-N57, N61-N63 and N67-N69 
cooperate to code for an amino acid which may be the same or different and are selected from the group 
consisting of Ala, Arg, Asn, Asp, Gin, Glu, Gly, His, lie, Leu, Lys, Met, Phe, Pro, Ser. Thr, Trp. Tyr, and Val, 

30 and wherein N28-N30 cooperate to code for an amino acid selected from the group consisting of Ala, Arg t 
Asn, Asp, Gin, Glu, Gly, His, He, Leu, Lys. Met, Phe, Ser, Thr, Trp. Tyr, and Val, with the provisos that said 
oligonucleotide may not code for Magainin 2. Magainin 2 substituted only at position 21, Magainin 2 
substituted only in at least two of positions 8, 13 or 18 with Ala, and with the further proviso that said 
peptide is not Magainin 2 substituted with only a single Ata. 

35 Similarly, AMPPPs which are not Magainin 1 or Magainin 2, as previously described, can be expressed 
by an oligonucleotide having jhe nucleotide sequence 

GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYNNNA 40 
40 ARGCNTTYGT NNNNNNNATH NNNNNNNNN 69 

wherein N16-N18, N19-N21, N22-N24, N31-N33. N37-N39, N52-N54, N55-N57, N61-N63, N64-N66. N67- 
N69 cooperate to code for an amino acid which may be the same or different and are selected from the 

45 group consisting of Ala, Arg, Asn, Asp, Gin, Glu, Gly, His, He, Leu, Lys, Met, Phe, Pro. Ser, Thr, Trp, Tyr, 
and Val, and wherein N28-N30 cooperate to code for an amino acid selected from the group consisting of 
Ala, Arg, Asn, Asp. Gin, Glu, Gly. His, He. Leu, Lys. Met, Phe, Ser, Thr, Trp, Tyr. and Val with the proviso 
that when N64-N66 cooperate to code for the amino acid Lys, N28-N30 may not cooperate to code for the 
amino acid Gly and when N64-N66 cooperate to code for the amino acid Asn, N28-N30 may not cooperate 

so to code for the amino acid Lys. 

Met and (f)Met AMPPPs in accordance with the present invention may be expressed by a first plurality 
of nucleotides which cooperate to code for an amino acid selected from the group consisting of Met and (f)- 
Met, the first plurality of nucleotides being bound through a phosphodiester bond to a second plurality of 
nucleotides which cooperate to code for an AMPPP, wherein one or more amino acids thereof are 

55 substituted with an amino acid selected from the group consisting of Ala, Arg. Asn, Asp, Gin, Glu, Gly, His, 
lie, Leu, Lys, Met, Phe. Ser, Thr, Trp, Tyr, and Val and wherein any amino acid other than the amino acid at 
position 10 of said substitution derivatives of Magainin 1 or Magainin 2 may additionally be substituted with 
Pro. 
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Single residue omission derivatives of AMPPPs in accordance with the present invention are expressed 
by a trinucleotide omission derivative of an oligonucleotide having the nucleotide sequence 

GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYNNNA 40 
ARGCNTTYGT NNNNNNNATH NNNNNNNNN 69 

wherein N16-N18. N19-N21. N22-N24. N31-N33. N37-N39. N52-N54, N55-N57. N61-N63 N64-N66 N67- 
N69 cooperate to code for an amino acid which are the same or different and may be selected from the 
group consisting of Ala. Arg, Asn, Asp. Gin. Glu. Gly. His. He. Leu. Lys, Met. Phe. Pro. Ser Thr Trp Tyr 
and Val, and wherein N28-N30 cooperate to code for an amino acid selected from the group consisting of 
Ala. Arg. Asn. Asp. Gin. Glu. Gly. His. lie. Leu. Lys, Met. Phe. Ser. Thr. Trp. Tyr. and Val and with the 
proviso that when N64-N66 cooperate to code for the amino acid Lys. N28-N30 may not cooperate to code 
for the ammo acid Gly and when N64-N66 cooperate to code for the amino acid Asn. N28-N30 may not 
cooperate to code for the amino acid Lys. 

Double residue omission derivatives of AMPPPs. in accordance with the present invention are 
expressed by a s.x-nucleotide omission derivative of an oligonucleotide having the nucleotide sequence 

GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYNNNA 40 
ARGCNTTYGT NNNNNNNATH NNNNNNNNN 69 

wherein N16-N18. N19-N21. N22-N24. N31-N33. N37-N39. N52-N54. N55-N57. N61-N63. N64-N66 N67- 
N69 cooperate to code for an amino acid which may be the same or different and are selected from the 
group consisting of Ala. Arg. Asn, Asp. Gin. Glu, Gly, His. lie. Leu, Lys, Met. Phe. Pro. Ser Thr Trp Tyr 
and Val. and wherein N28-N30 cooperate to code for an amino acid selected from the group consisting of 
Ala, Arg, Asn. Asp. Gin. Glu. Gly. His. He. Leu. Lys, Met, Phe. Ser, Thr, Trp, Tyr. and Val and with the 
proviso that when N64-N66 cooperate to code for the amino acid Asn. N28-N30 may not cooperated code 
for the amino acid Lys. 

The (f)Met and Met derivatives of the aforementioned peptides may also be expressed by the . addition 
to the aforementioned oligonucleotides of a plurality of nucleotides which may cooperate to code for these 
ammo acids. These may be linked by a phosphodiester bond. Similarly, in accordance with the present 
invention, the Met and (f)Met extensions of the single and double residue omission derivatives of AMPPPs 
may also be expressed from a corresponding trinucleotide omission derivative or a six-nucleotide omission 
derivative of an oligonucleotide having the nucleotide sequence i 

GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYNNNA 40 
ARGCNTTYGT NNNNNNNATH NNNNNNNNN 69 

wherein N16-N18. N19-N21, N22-N24. N31-N33. N37-N39. N52-N54, N55-N57 N61-N63 and N67-N69 may 
cooperate to code for an amino acid which may be the same or different and said amino acid is selected 
from the group consisting of Ala. Arg. Asn. Asp, Glu, Glu. Gly. His. He. Lev. Lys. Met. Phe Pro Ser Thr 
Trp, Tyr, and Val. and wherein N28-N30 cooperate to code for an amino acid selected from the group 
consisting of Gly and Lys and N64-N66 cooperate to code for an amino acid selected from the qrouo 
consisting of Lys and Asn. 

In accordance with yet another aspect of the present invention, there is provided a process for retarding 
the survival or growth of plant pathogens which includes the steps of providing at least one AMPPP in 
accordance with the present invention, or mixtures of a plurality of such AMPPPs. in an amount effective to 
retard the survival or growth of at least one plant pathogen, and contacting the pathogen therewith. By the 
term "amount effective to retard at least one plant pathogen," it is understood that although the effective 
amount is likely to be influenced by the method of application, it is expected that the effective amount 
would normally be in the range 1-100 micrograms/mL. 

In accordance with another aspect of the present invention there is provided hereby a biological 
screening reagent useful for determining the resistance of a compound to proteolytic degradation compris- 
ing at least on substantially pure plant protease in an amount effective to cause at least 50% degradation 
of said compound in about five hours, with the balance being water. These proteolytic solutions are 
designed to closely resemble the protease-containing environment within the extracellular space of a plant 
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cell. Therefore, the reagent may be used to provide a more accurate estimation of the relative proteolytic 
sensitivity of a specific peptide in vivo. The reagent may also simulate the proteolytic activity of plant 
pathogens and may be used to treat AMPPPs to determine the degree of their degradation. 

A process of making these reagents from cells contained within a liquid culture medium in accordance 

s with the present invention is also provided and includes the steps of separating cells from a liquid culture 
medium and collecting said medium containing at least one extracellular plant protease. This process has 
several advantages. Most important, however, is the fact that this process may be used to obtain not only 
the extracellular proteases containing solutions from plant cells, but also the extracellular proteases 
containing solutions from plant pathogens such as fungi and bacteria. 

io This aspect of the present invention also includes the use of the above-described reagent to determine 
a compound's resistance to degradation by at least one plant protease. This method includes the steps of 
providing a source of a compound to be screened, incubating the compound with the biological screening 
reagent of the present invention having between about 0.05 parts per million of water to about one part per 
thousand of water of at least one protease, for a predetermined time, stopping said reaction by inactivating 

15 said reagent, and analyzing the resulting compound. 

"AMPPP" is an acronym for antimicrobial peptide active against plant pathogens, which, as defined, 
herein, is a protein or peptide" having at least antifungal and/or antibacteriafactivity. While the term may 
have broader application to one or more entire families of antimicrobial peptides, as used herein the term 
AMPPP includes Magainin 1, Magainin 2, and magainin derivative compositions preferably having between 

20 18 and 24 amino acids. Generally, AMPPPs in accordance with the present invention have the sequence 

(I) 

Gly-Ile-Gly-Lys-Phe-Xaa-Xaa-Xaa-Ala-Xaa-Xaa- 

25 Phe-Xaa-Lys-Ala-Phe-Val-Xaa-Xaa-Ile-Xaa-Xaa- 
Xaa 

"Xaa" as used in the above sequence indicates a variable such that any of a select group of amino acids 

30 can be positioned therein. Furthermore, "Xaa n " is used to represent not only the variable, but also to 
describe the relative position of that variable or the amino acids which that variable represents (i.e., M n" 
represents the position, or the amino acid at the nth position). Thus. Xaa 6 represents the variable in the 6th 
position of the AMPPP having the sequence (I). The "n"th position is relative to the N-termina! end of the 
peptide which is usually glycine (Gly). When the aforementioned peptide of sequence (I) further includes a 

35 methionine (Met) or N-formylated Met (f)Met attached through a peptide bond to the N-terminal glycine, the 
variable Xaa 6 retains its nomenclature and its position relative to the N-terminal glycine. Similarly, if the N- 
terminal glycine were omitted, such that the variable Xaa 6 was the 5th residue in the resulting peptide, it will 
nonetheless remain designated Xaa 6 . (HeGlyLysPheXaa..., Xaa is still Xaa 6 ) When placed in such terms, 
Magainin 1 is a specific AMPPP wherein Xaa 6 is leucine (Leu), Xaa 7 is histidine (His), Xaa 8 is serine (Ser), 

40 Xaa 10 is glycine (Gly), Xaa u is lysine (Lys), Xaa 13 and Xaa 18 are glycine (Gly), Xaa 19 is glutamic acid (Glu), 
Xaa 21 is methionine (Met), Xaa 22 is lysine (Lys) and Xaa 23 is serine (Ser). Magainin 2 is structurally similar to 
Magainin 1 except that Xaa 10 is lysine (Lys) and Xaa 22 is asparagine (Asn). 

Similarly, the present invention includes the deoxyribonucleic adds and/or ribonucleic acids (DNA 
and/or RNA) which are oligonucleotides capable of expressing the AMPPPs of the present invention and 

45 which contain a nucleotide base sequence of 

(ID 

GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYMNNA 40 
50 ARGCNTTYGT NNNNNNNATH NNNNNNNNN 69 

If RNA is the oligonucleotide in question, T represents the pyrimidine base uracil. As is well known, 
oligonucleotides such as DNA are read in codons, or groups of thre . That is, it is the combination of the 
55 information contained in three adjacent nucleotides which determine the type of amino acid which will be 
incorporated in the specific and corresponding position of the encoded peptide. For example, the codon 
GGN, which includes the first three nucleotides of oligonucleotide sequence II, codes for the amino acid Gly 
which is th N-terminal amino acid of the peptides in accordance with the present invention. Therefore, it 
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should be understood that groups of three nucleotides cooperate to code for specific amino acids. 
Furthermore, the term "Nn" where "n" equals the position number of the nucleotide from 1 to 69 in 
oligonucleotide sequence (II) is used to identify variable nucleotides which can cooperate with other 
nucleotides in a codon to code for a plurality of amino acids. Thus. N16-N18 represents a specific codon 
which will code for th amino acid in position Xaa 6 of the resulting expressed peptide. 

The term "substitution derivatives of Magainin 1 or Magainin 2" or "deletion derivatives of Magainin 1 
or Magainin 2" are generally synonymous with the term "AMPPP" as used in the context of the present 
invention. The term "substitution derivative" includes not only peptides as previously described wherein at 
least one of Xaa 5 . Xaa 7 , Xaa 3 , Xaa :c , Xaa M . Xaa 13 , Xaa 13 . Xaa 19 , Xaa 21 , Xaa 22 . and Xaa 23 are substituted, 
but may also include peptides of 21 to 24 amino acids in length with substitutions in any of the other 
positions. 

The term "substitution" is intended to define compositions in which at least one of the 18-24 residues in 
either Magainin 1, Magainin 2, or non-Magainin 1, non-Magainin 2, magainin-like peptides embodied in the 
present invention, or the single or double residue omission derivatives thereof are intentionally altered from 
their otherwise natural structure and order as previously described. Illustrative examples of substitution 
derivatives would include [Arg 7 , Glu 3 ]-Mag 1 (where Mag 1 refers to Magainin 1). [Lys 7 , Glu 3 , Oes Lys 22, 
Des Ser 23 ]-Mag 1, [Ala 19 ]-Mag 1. [Arg 7 , Des Met 2, ]-Mag 1. (Phe 7 , Ala 13 . Ala 13 ]-Mag 2, [Lys 7 ]-Mag2, [Arg 7 ]- 
Mag 2, [Met 1 Glu 8 ]-Mag 2 and the like. 

The term "derivative" as used herein includes AMPPPs having between about 18 and about 23 amino 
acid residues in length. These peptides, but for the absence of up to five amino acids, are the same in both 
sequence and order as the full 23 residue AMPPPs in accordance herewith. Because the omission or 
deletion of up to five amino acids can be in any of the 23 positions of the peptides having the general 
sequence II, to the extent such deletions are made, it is more convenient and more conventional to describe 
the 23 residue AMPPP counterpart preceded by the indication of which omissions are made. Illustrative 
examples of such derivative AMPPPs are [Des Gly\ Des lie 2 , Des Gly 3 . Des Lys*, Ala 13 , Ala 13 , Des Ser 23 ]- 
Mag 1 and [Des Gly 1 , Des lie 2 . Des Gly 3 , Des Lys*, Des Phe 5 , Ala 19 ]Mag 2. "Derivative" does not 
necessarily mean that the AMPPP is first constructed and then specific deletions are made. The term also 
includes AMPPPs which are constructed with less than 23 residues. 

The terms "single residue omission derivative," "single omission derivative" and "single residue 
deletion derivative" are meant to include AMPPPs 22 residues in length. These are peptides which, but for 
the omission of one of 23 residues when compared to a Magainin 1, Magainin 2, or the non-Magainin 1, 
non-Magainin 2, magainin-like peptides embodied in the present invention, or substitution derivatives 
thereof, are identic^ in structure and in sequence to their naturally occurring counterpart. -Because the 
omission or deletion can be in any of the 23 positions of the parent AMPPP, it is more convenient and more 
conventional to describe the 23 residue AMPPP counterpart preceded by the indication of which single 
residue omission has been made. For example, the deletion derivative of Magainin 2 which omits residu 5 
is described by the nomenclature [Des Phe s ]-Magainin 2 where "Des" indicates a deletion.- Similarly, the 
deletion derivative of a Magainin 2 substituted with Arg at position 7 which omits residue 5 is described by 
the nomenclature [Des Phe 5 . Arg 7 ]-Magainin 2. 

However, despite the fact that, for example, a 23 residue AMPPP may recite the use of Pro in position 
11 (Xaa 11 =Pro), the single residue omission derivative thereof may exclude the residue at position 11. In 
such an instance, the descriptive nomenclature which would be used would be. for example, [Des Xaa 11 ]- 
AMPPP wherein AMPPP would refer to the peptide counterpart to this single residue omission derivative 
(which counterpart itself may be a substitution and/or single residue omission derivative) from which the 
residue at position 1 1 had been deleted. 

Similarly, the term "trinucleotide omission derivative of an oligonucleotide" contemplates an 
oligonucleotide designed to express an AMPPP which is a single residue omission derivative as previously 
defined. Because oligonucleotides are functional as codons. it is necessary that the entire three nucleotide 
codon be eliminated from the sequence to prevent expression of a particular amino acid and to ensure that 
the reading frame of the remaining sequences remain the same. An illustrative example of a trinucleotide 
omission derivative of an oligonucleotide within the scope of the present invention is the oligonucleotide 
having the sequence 

(in) 

GGAATAGGAA AGTTTCTGCA CTCAGCAG ARGTTTGGAA 40 
AGGCATTTGT GGGAGAGATA ATGAAG 66 
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which encodes the peptide [Des Ser 23 ]-Mag 1 

The terms "double omission derivative' 1 or "double residue omission derivative" are used in the same 
manner as the terms "single omission derivatives" or "single residue omission derivatives" and are meant 
to include AMPPPs of 21 residues in length. Omissions of amino acid residues in double residue omission 
derivatives may be consecutive, such that, for example, residues 22 and 23 (Xaa 22 -Xaa 23 ) are omitted or 
they may be staggered such that for example, residue 9 (Ala) and residue t7 (Val) are simultaneously 
omitted. 

The term "six-nucleotide omission derivative of an olignucleotide" contemplates an oligonucleotide 
designed to express an AMPPP which is a double residue omission derivative. With reference to the 
oligonucleotide sequence (III), the further omission of nucleotides 64, 65- and 66 would result in an 
oligonucleotide which encodes the peptide (Des Lys 22 , Des Ser 23 ]-Magainin 1 . 

AMPPPs in accordance with the present invention may be advantageously produced by either a 
traditional chemical synthesis or by one or more methods of inserting specific DNA material genetically 
encoding one or more AMPPPs into a host cell and allowing that cell to express the desired peptide. 

With regard to the traditional chemical synthesis, AMPPP's in accordance with the present invention 
can by synthesized using any of the known peptide synthesis protocols such as those described in "The 
Peptides: Analysis, Synthesis, Biology"; Volume 2 - "Special Methods in Peptide Synthesis, Part A", E. 
Gross and J. Meienhofer, Eds., Academic Press, New York, 1980, and Volume 9 - "Special Methods in 
Peptide Synthesis, Part C" t S. Udenfriend and J. Meienhofer, Eds., Academic Press, San Diego, 1987. 

Preferred for use in this invention for the chemical synthesis of peptides are solid phase techniques 
because they allow the rapid synthesis of highly pure peptides. In such procedures, peptides are 
synthesized, preferentially one amino acid at a time, on an insoluble polymer support (called a resin) 
starting from the C-terminus of the peptide. A synthesis is begun by appending to the resin, through a 
chemical linking group, such as an amide or an ester, the C-terminal amino acid of the peptide. If the latter 
is linked to the resin as an ester, the resulting peptide will be a C-terminal carboxylic acid; if linked as an 
amide, the resulting peptide will be a C-terminal amide. The XTAA, as well as all other amino acids used in 
peptide synthesis need to have their alpha-amino groups and side chain functionalities (if present) 
differentially protected as derivatives that can selectively be removed (deprotected) during the synthesis- 
Synthesis (coupling) is performed by reacting an activated form of an amino acid, such as its symmetrical 
anhydride or an active ester, with the unblocked alpha-amino group of the N-terminal amino acid appended 
to" the resin. The sequence of deprotecting such alpha-amino groups followed by coupling is repeated until 
the entire peptide chain is constructed. All of the functionalities present in the peptide are then deprotected 
and the peptide is cleaved from the resin, usually in the presence of compounds called scavengers, which 
inhibit side reactions with the peptide during this process. The resulting peptide is then purified by a variety 
of techniques such as gel filtration, ion exchange and high performance liquid chromatography (HPLC). 
During the cleavage and purification processes, the peptide may be converted into any of a number of acid- 
salt forms bound to the amino groups present at the N-terminus and in any lysines, arginines, histidines or 
ornithines of the peptide and, consequently, the resulting pure peptide is usually obtained in the form of 
such a salt. 

Preferred for use in this invention are Merrifield-type solid phase techniques as described in G. Barany 
and R. 8. Merrifield, "Solid-Phase Peptide Synthesis," The Peptides: Analysis, Synthesis, Biology, 
Volume 2, Ch. 1, pp 3-284; and in J. M. Stewart and J. D. Young in "Solid-Phase Peptide Synthesis, 2nd 
Ed,", Pierce Chemical Company, Rockford. III., 1984. In general, any standard side group protection 
strategy may be advantageously utilized, although t-Boc (tert-butyloxycarbonyl; see, for example, Barany 
and Merrifield, and steward and Young, supra) and FMOC (9-fluorenylmethoxycarbonyl; see, for exam- 
ple, E. Atherton and R. C. Sheppard in "The Fluorenylmethoxycarbonyl Amino Protecting Group," supra. 
Volume 9, Ch. 1, pp 1-38) strategies are preferred. 

The synthesis of peptide-resins required as precursors to peptides containing a C-terminal carboxylic 
acid are typically begun on commercially available cross-linked polystyrene or polyamide polymer resins 
such as chloromethyl, hydroxymethyl, aminomethyl, PAM (phenylacetamidomethyl), HMP (p-hydrox- 
ymethylphenoxyacetic acid), p-benzyloxybenzyl alcohol, Hycram (4-bromocrotonyl-beta-alanylamidomethyl ; 
Advanced Chemtech, Inc., Louisville, KY), or Sasrin <2-methoxy-4-alkoxybenzyl alcohol; Bachem Bioscience. 
Inc., Philadelphia. PA). Coupling of amino acids can be accomplished using either symmetrical anhydrides 
produced, for example, from DCC (dicyclohexylcarbodiimide), HOBT (1-hydroxybenzotriazole). activ esters 
produced, for example, from DCC/HOBT or, for example, from various BOP reagents (see, for example, J. 
Coste. et a/., "BOP and Congeners: Pr sent Status and New Developments", Proceedings of th Eleventh 
American Peptide Symposium; Peptides: Chemistry, Structure and Biology, J, E. Rivier and G. R. Marshall. 
Eds., ESCOM, Leiden. Neith., 1990, pp 885-888) in solvents such as DCM (dichloromethane), DCM 
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containing TFE (trifiuoroethanol). DMF (N.N-dimethylformamide). NMP (N-methylpyrrolidone) or NMP 
containing DMSO (dimethylsulfoxide). 

Preferred for use in this invention are coupling of symmetrical anhydrides of t-protected amino acids 
except for arg.n.ne (Arg). asparagine (Asn). glutamine (Gin), and histidine (His), which are preferably 
s coupled as HOBT active esters produced from OCC/HOBT. on PAM resins in DMF or OMF/DCM solutions 
and coupling of 0CC/HO8T produced HOBT active esters of FMOC protected amino acids on HMP* 
polystyrene resins in NMP solutions 

Most preferred for use in this invention is coupling of DCC/HOBT produced HOBT active esters of t-Boc 

^ amm ° 3CidS ° n PAM feSins ' irst in NMP - then in an 80/20 s °'"«°n of NMP/DMSO. and finally in 
;o an 80/20 solution of NMP/DMSO containing 1.9 mmol DIEA/0.5 mmol PAM resin 

Synthesis of peptide-resins as precursors to peptides containing a C-terminal amide can satisfactorily 
be achieved using the previously described procedures. However, a polymer support such as a benz- 
nydrylam.ne (BHA) or 4-methylbenzhydrylamine (MBHA) polystyrene resins may be used. Preferred for use 
m accordance with this aspect of the present invention, i.e.. the production of AMPPPs having an amido 
5 group bound at the C-terminus are 4-methylbenzhydrylamine-polystyrene resins. 

Many types of side-chain protecting groups may be used for either the t-Boc or FMOC solid-phase 
synthesis as described, for example, by Barany and Merrifield, supra. Gross and Meienhofer "The 
Peptides: Analysis. Synthesis. Biology". Volume 3 - "Protection of Functional Groups in Peptide Synthesis" 
Academ.c Press. New York. 1981. and Stewart and Young, supra, for t-Boc amino acids, and by Atherton 
and Sheppard, supra, for FMOC amino acids. 

Preferred for use in this invention for t-Boc amino acids are MTS (mesitylene-2-sulfonyl) for arginine 
OBzt (benzyl ester) for aspartic acid. 4-MeBzl (4-methylbenzylthioether) for cysteine Bzl, 
d.benzyld.ether) for 3. 4-dihydroxypheny (alanine. OBzl for glutamic acid. Bom (benzyloxymethyl) or Z 
benzyloxycarbonyl) for histidine. Bzl for both 3- and 4-hydroxyproline. C1-Z (2-chlorobenzyloxycarbonyl) 
for both lysine and ornithine. Bzl for both serine and threonine. CHO (formyl) for tryptophan and Br-Z (2- 
bromobenzyl-oxycarbonyl) for tyrosine. Methionine may be protected as its sulfoxide. Met(O). but preferably 
is used unprotected. 1 ' M wwamy 

AMPPPs in accordance with the present invention can be synthesized using either automated instru- 
ments or manual techniques. However, automated techniques are preferred. All of the examples of AMPPPs 
described in this invention were actually prepared using an Applied Biosystems. Inc. (ABI) Model 430A 
- automated peptide synthesizer using the t-Boc protocols described in the Applied Biosystems Model 430A 
peptide synthesizer User's Manual. Version 1.30. Section 6. Applied Biosystems. Foster City, CA February 
1987 (revised November 1987 and October 1988. 

According to these protocols, the peptides are assembled on the resins starting from the C-terminus of 
he peptide. PAM or HMP resins required for the synthesis of C-terminal carboxylic acids can be purchased 
from ABI or other manufacturers already linked to the alpha-amino acid and side chain protected C-terminal 
ammo acid. However, when preparing C-terminal carboxyamides. the C-terminal amino acid must-first be 
coupled to either a BHA or MBHA resin. In either case, the resin containing the alpha-amino and side chain 
protected C— terminal amino acid is placed into the reaction vessel and the peptide chain is preferably 
assembled one amino acid at a time (assemblage of peptide fragments is possible but is usually less 
preferred for the AMPPPs described in this invention) by a repetitive sequence of deprotecting the alpha- 
amino group of the N-terminal amino acid appended to the resin and coupling to this the next amino acid 
which is also alpha-amino and side chain protected. 

The sequence of deprotection of the alpha-amino group of the N-terminal amino acid followed by 
couphng of the next, protected amino acid is continued until the desired peptide chain is assembled The 
resulting N-terminal and side chain protected peptide linked to a polymer support resin is then subjected to 
the appropriate deprotection and cleavage procedure to provide the unprotected peptide usually as N- 
terminal. lysine, histidine and ornithine acid salts. 

Syntheses were performed using t-Boc protection strategies starting from 0.5 mmol of the C-terminal 
ammo acid resin and 2.0 mmol of the side-chain protected. t-BOC amino acid in the coupling steps These 
amounts, however, are not critical and proportionally larger or smaller amounts can be used depending on 
the type of automated instrument or manual apparatus employed. For example, syntheses utilizing as little 
as 0.1 mmol and as large as 0.6 mmol of amino acid-PAM resin have been performed by the inventors 
using the ABI instrument. Although a molar ratio of the to-be-coupl d amino acid to the amino acid or 
pept.de appended to the PAM resin of 4.0 is preferr d when using this instrument, smaller and larger ratios 
may be employed. Ratios as low as 3.33 (0.6 mmol PAM resin/2.0 mmol of amino acid) have been used 
without any significant decrease in coupling efficienci s. Lower ratios may be employed to increase the 
quantity of peptide produced per run but are less preferred because the coupling efficiency and. hence 
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peptide purity may be lower. Larger ratios are generally not preferred because they are not any more 
efficient. 

In syntheses based oh t-Boc protection strategies in DMF, deprotection of alpha-amino groups is 
performed at ambient temperature using TFA/DCM followed by neutralization with DIEA/DMF. Symmetrical 

5 anhydrides are formed from DCC in DCM, except for leucine, methionine sulfoxides, tryptophan and formyl- 
tryptophan, which are formed in 10% DMF in DCM, After filtration of by-product DCU (N.N-dicyclohex- 
ylurea), the DCM is evaporated and replaced with DMF while the temperature is maintained at 10-15* C. For 
AMPPPs synthesized using this protocol, amino acids were double coupled after th length of the growing 
peptide chain exceeded nine amino acids. For these cases, the DCM solution, after filtration, is used 

w directly in the next step. HOBT active esters are formed for asparagine, glutamine and protected histidine 
from the reaction of DCC with HOBT containing 8-10% v/v DCM, and from arginine(MTS) from the reaction 
of DCC with HOBT containing 25-30% v/v DCM. After filtation of by-product DCM, the HOBT active ester 
solutions are used directly in the next step without removal of the DCM. These four amino acids are always 
double coupled using the same procedure. 

is Once either the amino acid symmetric anhydride or HOBT active ester is produced in the appropriate 
solvent, the solution is transferred to the reaction vessel and shaken with the N-terminal alpha-amine 
deprotected peptide-resin. Coupling takes place during this period, which initially ranges from 18-26 
minutes for symmetrical anhydrides to 26-42 minutes for HOBT active esters. The coupling period is 
gradually increased as the peptide chain is lengthened. For example, after 15 amino acids, an additional 10 

20 minutes is added. Couplings are initially performed at the temperatures at which the symmetrical anhy- 
drides are formed, but gradually ambient temperature is reached during the coupling period. At th 
completion of the coupling period, the resin is washed with DCM, a sample taken for ninhydrin monitoring 
(see Sarin et aL "Quantitative Monitoring of Solid-Phase Peptide Synthesis by the Ninhydrin Reaction," 
AnaL Biochem. 117, (1981), 147-157), and then dried in preparation for the next coupling cycle. 

25 In syntheses based on t-Boc protection strategies in NMP, deprotection of alpha-amino groups is 
performed as above, except that neutralization of excess TFA is accomplished by washes with DIEA/DCM, 
DIEA/NMP and NMP alone. All amino acids are converted to HOBT active esters by reacting 1.0 equivalent 
each of DCC, HOBT and an N-terminal and side chain protected amino acid in NMP for about 40-60 
minutes at ambient temperature. After filtration of by-product DCU, the HOBT active ester solutions are 

30 used directly in the coupling reaction. Coupling is performed at ambient temperature for 30 minutes in 
DMP, for another 16 minutes after enough DMSO is added to give a 20:80 solution of DMSO in NMP, and 
finally for another seven minutes after the addition of 1.9 mmol of DIEA. As the length of the peptide chain 
is increased, longer coupling times are used. For example, after the peptide chain has reached 15 amino 
acids, the coupling time will have increased by 15 minutes. Double couple cycles are performed in the 

35 same manner as the single couple cycles, but were generally used only for Lys* or the equivalent in 
magainin peptides. At the completion of the coupling cycles, unreacted amino groups remaining on the 
peptide-resin are capped by treating them with a solution of 10% acetic anhydride and 5% DIEA in DCM 
for two minutes, followed by shaking with 10% acetic anhydride in DCM for four minutes. After washing well 
with DCM, a sample of the resin is taken for ninhydrin monitoring of coupling efficiency as above, and then 

40 dried in preparation for the next coupling cycle. Coupling efficiencies using either DMF or NMP were always 
greater than 98%, and in most cases greater than 99%. 

AMPPPs, in accordance with the present invention, may also be successfully synthesized using the 
FMOC chemistry described herein and available on an ABI Model 430A peptide synthesizer (K. M. Otteson, 
"Recent Developments with NMP Chemistry" in "Is Protein Chemistry an Art or a Science?", Applied 

45 Biosystems, FASEB Meeting, New Orleans, April, 1989). Also, S. Nozaki, "Solid Phase Synthesis of 
Magainin 1 Under Continuous Flow Conditions", Chemistry Lett., (1989), 749-752, has described in detail a 
method for synthesizing Magainin 1 using HMP resin and an automated FMOC procedure very similar to 
the one described herein. 

Although all of the peptides described herein may be individually prepared, it is sometimes desirable 
so and expedient to simultaneously prepare multiple peptides. Procedures for performing such syntheses are 
well known in the literature, and commercial instruments for performing such tasks are also available. For 
example, Cuervo, et aL "The Magainins: Sequence Factors Relevant to Increased Antimicrobial Activity 
and Decreased Hemolytic Activity" supra, and "Synthesis and Antimicrobial Activity of Magainin Alanine 
Substitution Analogues", supra, reports the simultaneous preparation of omission and alanine substitution 
55 analogu s of C-terminai amides and carboxylic acids of Magainin 1 and Magainin 2 using the SMPS 
(simultaneous multiple peptide synthesis) method with t-Boc protected amino acids on both PAM and 4- 
methylbenzhydryl amine resins. Also, F. S. Tjoeng, et aL "Multiple Peptide Synthesis Using a Single 
support (MPS3), Int. J. Peptide Protein Res. 35, (1990), 141-146, simultaneously prepared Magainin 2 
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analogues substituted with a variety of amino acids at position 21 using manual synthesis of t-Boc protected 
am.no acids and PAM resins. In the same paper, however, these authors also showed that the method 
could be automated using an ABI Model 430A peptide synthesizer for the simultaneous synthesis of 11- 
substituted analogues of a porcine angiotensinogen peptide. 

Procedures similar to those disclosed in the aforementioned paper have been used in the practice of 
?h ,nvention s Peci«cally. In accordance herewith, a preferred technique employed t-Boc amino 

acids. PAM resins and OCC/HOBT couplings in NMP-NMP/DMSO for the simultaneous synthesis of three 
magamm substitution analogues. A larger number of substitution analogues can simultaneously be coupled 
but the separation of the resulting peptides becomes more difficult and the yield of each resulting peptide 

'? th ! *?^ tiCe ° f th8 pr9Sent invention - jt has been Possible to simultaneously synthesize portions of a 
variety of AMPPPs containing large common segments. For example. AMPPPs differing only at the C- 
termmus in substitution or chain length can simultaneously be synthesized by mixing together PAM resins 
containing the differing C-terminal sequences and then simultaneously sequentially coupling the common 
ammo acid segments onto the mixture of resins in the normal manner. For this purpose the use of HOBT 
active esters produced using DCC/HOBT in NMP-NMP/DMSO using t-Boc amino acids on PAM resins is 
the preferred method. 

Similarly large segments of AMPPPs differing mainly at the N-terminus can simultaneously be 
synthesized by first preparing the peptide-PAM resin containing the common C-terminal chain until the first 
differing ammo acid at the N-terminus is reached. The peptide-resin is then divided into separate vessels 
and each individual peptide synthesis continued independently. The two growing peptide-resins may be 
coupled to completion or further divided at a later stage of peptide synthesis if other desirable branching 
positions are reached. Preferred for use in multiple peptide syntheses within the scope of this invention are 
t-Boc protocols on PAM resins utilizing DCC/HOBT couplings in NMP-NMP/DMSO. In order to increase the 
amount of peptide-resin produced. 0.6 mmole rather than the standard 0.5 mmole of resin may be 
employed in multiple peptide syntheses without losing coupling efficiency. } 

The peptides obtained as precursors for either C-terminal carboxylic acid or amide peptides may be 
deprotected and cleaved from the resins using any of the well known, standard procedures described in the 
literature (see, for example. Barany ana Merrified. supra; Stewart et a/., supra: J P Tarn and R B 
Memfield in "Strong Acid Deprotection of Synthetic Peptides: Mechanisms and Methods" ("The Peotides : 
Analysis. Synthesis. Biology". Volume 9. Ch. 5. pp 185-248); and Applied Biosystems. "Strategies in 
Peptide Synthesis-Introduction to Cleavage Techniques". Applied Biosystems. 1990. For t-Boc peptide- 
resins. for example, these include standard anhydrous HF (hydrogen fluoride), low-high HF "TFMSA 
(tnfluoromethanesulfonic acid) and TMSOTf (trimethylsilyl trifluoromethanesulfonate). However, standard HF 
and low-h,gh HF procedures are preferred for use in this invention for deprotection of and cleavage from t- 
Boc peptide-resins. It is also preferred that the N-terminal t-Boc protecting group be removed before the 
peptide is subjected to HF deprotection and cleavage. 

Cleavage and deprotection of t-Boc-peptide-PAM resins using "standard" anhydrous HF conditions is 
generally performed according to the procedures given in the references cited above. Typically about 1 q 
of the peptide-resin is stirred for about 50-90 min. at -5*C to O'C in a solution of 10-12 ml of anhydrous 
HF containing 1.0 ml of anisole. 0.4 mL of dimethylsulfide (DMS). 0.2-0.4 ml of 1 ,2-ethanedithiol and 3 mg 
of 2-mercaptopyridine as scavengers. Slight variations in the amounts of scavengers present do not 
materially affect the results, and other scavengers, such as the ones described in the literature references 
cited above, may be used (for example. 3 mg of skatole should also be added for peptides containing 
tryptophan). It is preferred, however, that the reaction times and temperatures specified above be used 
since shorter reaction times or lower reaction temperatures may result in incomplete deprotection or 
cleavage, while higher reaction temperatures may cause side reactions to occur. Longer reaction times are 
generally not beneficial and may lead to side reactions, although in certain cases, for example if an arginine 
protected with a tosyl group or several arginines are present in the peptide chain, reaction times up to two 
hours may be required to produce more complete deprotection. A particularly preferred procedure for 
performing the HF procedure is that of Immune-Dynamics Inc.. La Jolla. CA. In this procedure the 
HF/scavenger/peptide-resin mixture is first stirred for 30 min. at -10* C and then for 30 min. at 0* C (5 min 
longer per arginine at 0 C). 

The "low-high" anhydrous HF procedure may be used for the deprotection and cleavage of any of the 
peptide-resins described in this inv ntion in order to minimize side reactions, such as methionine alkylation 
but is particularly preferred for deprotection and cleavage of the peptide-resin mixtures produced from the 
simultaneous synthesis of multiple peptides. The preferred procedure followed is basically that described 
by J.P. Tarn et al. m "SN 2 Oeprotection of Synthetic Peptides with a Low Concentration of HF in Dimethyl 
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Sulfide: Evidence and Application in Peptide Synthesis", J. Am. Chem. Soc. 105, (1983), 6442-6455, and 
Tarn and Merri field, supra, and involves stirring for about two hours at -5*C to 0*C about 1 g of the 
peptide-resin in a solution of 10-20 mL (10-12 mL is preferred) of 2.5:6.5:1 anhydrous HF/dimethyl sulfide/p- 
cresol (if the peptide-resin contains Trp(For), then a solution of 10:26:3:1 anhydrous HF/dimethyl suifide/p- 

5 cresol/thiocresol is instead used). The HF and DMS are then removed at about -5* C to 0' C under vacuum, 
and 10 mL of fresh, anhydrous HF is added. The "high" or "standard" cleavage is then performed by 
stirring the mixture for an additional 45-90 min. at -5* C to 0* C. A mor preferred method for performing 
this "high" HF deprotection is that of Immuno-Dynamics Inc. In this procedure, 1 mL of anisole, 0.4 mL of 
QMS, 0.4 mL of 1 ,2-ethanedithiol and 3 mg of 2-mercapto-pyridine are added along with the 10 mL of fresh, 

w anhydrous HF, and the mixture is stirred for 30 min. at -10* C and 30 min. at 0*C (5 min. longer per 
arginine at 0* C). 

After completion of either the "standard" or "low-high" HF deprotection and cleavage procedure, the 
HF and any remaining QMS are completely evaporated under vacuum at -5*C to 0*C. The resulting 
peptide-resin-scavenger mixture is then mixed with about 10-15 mL of diethyl ether, ethyl acetate or the like 

75 (volume is not critical, diethyl ether is preferred), filtered, and the residue washed another 2-4 times with 10- 
15 mL of diethyl ether, ethyl acetate or the like (volume is not critical, diethyl ether is preferred) to remove 
organic scavengers. It is preferable at this point to stir the residue for 30 min. with 5 mL of 2- 
mercaptoethanol (BME) in order to reduce methionine sulfoxides to methionines. The peptide is then 
extracted three times with 25-30 mL of 10-30% acetic acid containing 2% BME, the extracts are combined, 

20 diluted (if necessary) with water to give a final concentration of acetic acid of 10% or less, and then 
lyophilized (freeze-dried) to dryness. The weight of crude peptide obtained typically ranges from 50-90%. 

After completing the "low-high" HF cleavage and deprotection procedure, a preferred method for 
extracting the peptide is that used by Immuno-Dynamics Inc. In this procedure, after evaporation of the HF 
and DMS, the peptide/resin mixture is swollen with chloroform, washed with 3 x 10 mL of ether, and stirred 

25 for 20-30 min. with 5 mL of BME. The mixture is then extracted three times with 25-30 mL of 1:1 10-30% 
acetic acid/BME (sometimes an additional extraction with 20-30 mL of 50% aqueous acetonitrile containing 
0.1% TFA is beneficial). The extracts are then combined and extracted three times with 20 mL of ether to 
remove remaining scavengers, and the peptide is recovered by lyophilization of the aqueous acetic acid/- 
(acetonitrile)/BME layer. 

30 The crude peptides obtained from the HF deprotection cleavage procedures are present as N-terminal, 
lysine, arginine, histidine, and ornithine hydrogen fluoride salts and presumably also contaminated with 
other fluoride salts and scavengers (if other deprotection schemes are used, such as trifluoromethanesul- 
fonic acid, other inorganic salts, such as trifluoromethanesuifonates, will instead be present). Such peptid 
or inorganic salts are not desirable, since alone or in the presence of moisture they may act as strong 

35 acids, which may either decompose the peptide or be toxic to a plant. It is therefore preferable to rid the 
peptide of such salts by further purification, which also provides a peptide with higher activity per unit 
weight. A preferred method for purifying the peptide is to remove the fluoride salts by anion exchange 
chromatography and then isolate it by HPLC (high performance liquid chromatography). 

As typically performed in the practice of this invention, anion exchange chromatography or FMOC 

40 protocols provide the AMPPPs as acetate salts, while HPLC provides the AMPPPs as trifluoroacetate salts. 

Peptides prepared by FMOC techniques may be deprotected and cleaved from the resins by stirring for 
1-1.5 hours at 20-25 'C about 1 g of the peptide-resin with a TFA scavenger solution prepared from either 
8:1 TFA/anisole, 95% aqueous TFA. 10 mL TFA containing 0.75 g of crystalline phenol, 0-25 mL of EDT, 
0.5 mL of thioanisole and 0.5 mL of water, or 9.5 mL of TFA containing 0.25 mL of EDT and 0.25 mL of 

45 water (see Applied Biosystems, "Introduction to Cleavage Techniques, pp 6-19, supra, and Nozaki in "Solid 
Phase Synthesis of Magainin 1 Under Continuous Flow Conditions", supra). The peptides are then isolated 
as N-terminal, lysine, arginine, histidine, and ornithine trifluoracetate salts, which are possibly also contami- 
nated with other trifluoroacetate salts and scavengers. Although these trifluoroacetate salts are not as 
undesirable as hydrogen fluoride or trifluoromethanesulfonate salts, it is preferable to rid the peptide of such 

so salts by further purification, using the methods specified previously for the corresponding hydrogen fluoride 
salts, supra, which also provides a peptide with higher activity per unit weight. 

A typical method for performing ion exchange chromatography is to dissolve the crude peptide in a 
minimum volume of 5-30% acetic acid (the higher concentrations of acetic acid are required for the more 
hydrophobic peptides), filter off any residual insoluble material (such as occluded resin) and pass th 

55 solution through an anion exchange resin, such as BioRad AGI-X-8 (acetate form) (Bio-Rad Laboratories, 
Richmond, CA> in 5-30% acetic acid. The resulting peptide fractions, detected by a ninhydrin test (Sarin et 
a/., supra) are combined and lyophilized to provide the peptides as N-terminal, lysine, arginine, histidine, 
and ornithine acetat salts, free of inorganic impurities, but possibly still containing scavengers. The 
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peptides obtained in this manner are 50-80% pure, according to HPLC analysis (see below), and as such 
are highly effective in destroying plant pathogens. A peptide with somewhat higher activity per unit weight 
may be obtained, either before or after the anion exchange procedure, by treating the peptide salts with a 
weak base such as 5-10% ammonium bicarbonate or 6 M guanidine hydrochloride in order to reverse any 
N->0 acyl shift that occurred in peptides containing serines and/or threonines under the acidic cleavage 
conditions. Typ.cally, this is accomplished by dissolving the peptide salt in 5-10% ammonium bicarbonate 
allowing the solution to sit overnight at 15-25 C and then recovering the peptide by lyophilization 

In some cases, particularly when methionine was protected as its sulfoxides during the peptide chain 
assembly, it is advantageous to again treat the peptide mixture with a reducing agent in order to reduce any 
remaining methionine sulfoxides back to methionine. Although many reagents are described in the literature 
for this purpose, such as OTT (dithiothreitol) and DTE (dithioerythritol), MMA (N-methylmercaptoacetamid ) 
.8 preferred. The reduction is typically performed by incubating a solution of 1 to 5 mg/ml of peptide in 
about a 10% w/v solution of MMA in 10-30% acetic acid for 12-48 hours at 20-40 *C under a nitrogen 
atmosphere following the procedure of A. Culwell in "Reduction of Methionine Sulfoxide in Peptides Using 
N-Methylmercaptoacetamide" (MMA). Applied Siosystems Peptide Synthesizer User Bulletin No 17 
(1987). Foster Cry. CA. The reduction can be monitored by HPLC. and the incubation stopped when the 
reduction is complete. Reduction of the methionine sulfoxides to methionine is not required since the 
inventors have shown that such methionine sulfoxide containing peptides have activity against plant 
pathogens, but peptides with a higher activity per unit weight can be obtained by performing the reduction 
procedure. In cases where the peptides have been treated With MMA, excess MMA and associated by- 
products are removed by passing a solution of the peptide mixture in 5-30% acetic acid through a 
Sephadex G-25 column (Pharmacia LkB Biotechnology. Inc.. Piscataway, NJ) and monitoring the effluent at 
254 nm. The peptide-containing fractions are combined and dried by lyophilization. 

Peptides with the highest activity per unit weight are obtained by further purifying them by HPLC (high 
performance liquid chromatography). Typically, the peptides are purified by reversed phase HPLC bv 
injecting 15-30 mg of the peptide dissolved in 1-2 mL of 0.1% TFA (trifluoracetic acid) onto a 2 2 x 25 cm 
10 micron 30 angstrom Vydak C-4. column and eluting with various gradients of acetonitrile and water 
containing 0 1 & TFA. The peptides obtained in this manner are N-terminal. lysine, arginine. histidine. and 
ornithine trifluoracetic salts, which are generally greater than 95% pure according to HPLC integration at 
215 nm. Analytical HPLC of the peptide fractions is performed on a 0.46 x 25 cm. 10 micron, 300 angstrom 
- Vydak C-4 column using the following elution conditions: linear gradient of 0-60% B in A over 30 min- flow 
rate = 1.0 mL/min; solvent A = 0.1% aqueous TFA; solvent B = 0.1% TFA in acetonitrile: monitoring by 
Uv absorbance at 215 nm. ,^ 

The structures of the peptides in most cases have been confirmed by amino acid or mass spectral 
*Uj. y *' S ; 3C,d an3lySiS ° f pe ? tides was Performed, following hydrolysis with 6 N hydrochloric-acid at 

00 C for 24 hours, by HPLC using a Beckman System Gold Amino Acid Analyzer (Beckman Instruments 
Inc.. Fu lerton. CA) on an ion exchange column (for example, a Beckman Spherogel AA-Li' cation exchange 
column) using ninhydrin detection. Amino acid analysis was also performed by Immuno-Dynamics which 
detected the amino acids as PTC (phenylthiocarbamyl) derivatives on a Waters Associates Pico-Tag system 
(Millipone Corporation. Bedford, MA). a y 

Amino acid analysis of the peptides have also been obtained using peptide-resins following the 
procedure of F. Westall et al. in "Fifteen Minute Acid Hydrolysis of Peptides." Anal. Biochem 61 (1974) 
610-613 In these cases, the peptide-resin is hydrolyzed by 1:1 hydrochloric/propionic acid instead of 
hydrochloric acd alone. The resulting mixture is filtered through a 0.45 micron nylon filter using 2 to 4 
volumes of water for washing, the filtrate is lyophilized and the residue is analyzed above 
*aJ£L MS <faSt at ° m bombardm e n t-mass spectroscopy} of the peptides were obtained using a Kratos 
MS50RF mass spectrometer equipped with an Ion Tech B11NF saddled field gun operated at 8 kV and 40 
m.croamps of current using xenon to create energetic ions. Spectra were obtained from a solution prepared 
by mixing 1 microliter of a 4 mM solution of the peptide with 1 microliter of 90% glycerol in 40 mM oxalic 
acd on the copper target of the sample probe. The instrument was calibrated with cesium iodide scanned 
at a rate of 5 to 10 seconds per scan from a mass range from approximately 500 atomic mass units above 
and below the expected mass, and data were collected with multichannel analyzer programs available on a 
DS90 data system to provide (M + H) fragments. 

AMPPP Genetic Synthesis and Purification 

As previously noted. AMPPPs can also be prepared by introducing into a host cell a deox- 
ynbonucleotide or DNA gene sequ nee. lik those of formulas II and III. encoding one or more AMPPPs 
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with appropriate regulatory signals such as a gene promoter sequence and a gene terminator or 
polyadenylation sequence appended to such a gene sequence, and realizing expression of the gene 
sequences encoding AMPPPs in such a host cell through biological processes for protein synthesis. The 
host cell for this process can be either procaryotic (for example, a bacterial cell) or eucaryotic (for example. 

5 a plant or animal cell) in origin. For purposes of large scale production, microbial hosts such as bacteria or 
yeasts may be used due to the advanced state of fermentation processes for those organisms. Alternatively, 
other gene expression systems can be used for production of AMPPPs such as those involving fungi (for 
example, Neurospora), cultured human cells or insect celts. 

Genes encoding AMPPPs can be prepared entirely by chemical synthetic means or can consist in part 

/o of a portion or all of a sequence derived from natural sequences encoding magainins. Chemical synthesis of 
oligonucleotides composed entirely of deoxyribonucleotides can be achieved through application of solution 
chemistries or can be preferably carried out on solid supports. Several synthesis chemistries for 
oligonucleotides have been devised and include phosphotriester, phosphite-triester and phosphoramidite 
chemistries. See M. H. Caruthers, "New methods for chemically synthesizing deoxyoligonucleotides" in 

15 Methods of DNA and RNA Sequencing (S.M. Weissman, Ed.; Praeger Publishers, New York), (1983), 1-22, 
and K. Itakura et aL "Synthesis and use of synthetic oligonucleotides:, Ann. Rev. Biochem. 53, (1984), 323 
356. Phosphoramidite synthesis chemistries such as those involving N,N-dimethylaminophosphoramidites or 
beta-cyanoethyl-diisopropylaminophosphoramidites or deoxyribonucleoside-morpholino-methoxyphosphines 
are preferred because of their efficient coupling of nucleotides to a growing oligonucleotide chain and for 

20 the stability of the chemical reagents employed. The most preferred phosphoramidite chemistries are those 
employing beta-cyanoethyl-diisopropylaminophosphoramidites because of their extended stability relative to 
comparable intermediates and their avoidance of toxic reagents such as thiophenol. See, S.L Beaucage 
and M.H. Caruthers, "Deoxynucleoside phosphoramidites - a new class of key intermediates for deox- 
ypolynucteotide synthesis", Tetrahedron Lett. 22, (1981), 1859-1862; L.J. McBride and M.H. Caruthers, 

25 "An investigation of several deoxynucleotide phosphoramidites useful for synthesizing deox- 
yoligonucleotides:, Tetrahedron Lett. 24, (1983), 245-248; T. Dorper and E. L. Winnacker, "Improvements 
in the phosphoramidite procedure for the synthesis of oligodeoxyribonucleotides", Nuc. Acids Res. 1 1, 
(1983) 2575-2584; and S.P. Adams et al., "Hindered dialkylamino nucleoside phosphite reagents in the 
synthesis of two DNA 51-mers", J. Amer. Chem. Soc., 105, (1983) 661-663. Phosphoramidite chemistries 

30 on solid supports in brief consist of attaching a modified nucleotide to a solid material such as glass, silica 
gel, polyacrylamide, cellulose, polystyrene, nitrocellulose and some other generally chemically inert material 
wherein the nucleotide phosphate group and any exocyclic nitrogen atoms in the nucleotide base are 
protected with chemical groups so as to prevent unwanted side reactions during linear elongation of the 
oligonucleotide chain. Such attachments can be through a variety of linker or spacer moieties, but preferred 

35 linkers are generally long chain alkyl amines. See M.D. Matteucci and M.H. Caruthers, US-A- 4,458,066. 
The attached nucleotide is protected at the 5' sugar position with an acid labile dimethoxytrityt chemical 
group which is removed with an acid such as benzenesulfonic acid, trichloroacetic acid or dichloroacetic 
acid to free a 5'-OH group for coupling, thereby beginning linkage of additional nucleotides. Preferred acids 
for this deblocking or activation step are dichloroacetic acid and trichloroacetic acid. A phosphoramidite 

40 monomer nucleoside protected similarly to the nucleotide attached to the solid support is then added in the 
presence of a weak acid to promote nucleophilic attack of the 5'-OH group on the phosphoramidite reagent. 
Preferred weak acids for the coupling step include tetrazole, amine hydrochlorides, and 3-nitrotriazole, with 
the most preferred weak acid being tetrazole. Failed coupling sites on the solid support are then blocked or 
capped by acetylation of free hydroxyl groups with acetic anhydride. A preferred coreactant in the capping 

45 step is 1-methylimidazole. The natural internucteotide phosphate diester linkage is subsequently generated 
at each cycle of nucleotide addition by treatment of the growing nucleotide chains on the solid support with 
a mild oxidation mixture. This oxidation step converts phosphorus (III) to the more stable phosphorus (V) 
oxidation state and prevents nucleotide chain scission at any subsequent deblocking or activation treatment 
steps by acid species such as dichloroacetic acid or trichloroacetic acid. Iodine is used as the oxidizing 

50 species with water as the oxygen donor. Preferred coreagents include tetrahydrofuran and lutidine. 
Following a wash of the solid support with anhydrous acetonitrite, the deblock/coupling/oxidation/capping 
cycle can be repeated as many times as necessary to prepare the oligonucleotide or oligonucleotides of 
choice, each time using the appropriate protected beta-cyanoethylphosphoramidite nucleoside to insert the 
nucleotide of choice carrying a purine or pyrimidine base. The purine bases preferably will be either 

55 adenin or guanine on the inserted nucleotide and the pyrimidine bases pref rably will b cytosine or 
thymine. The simplicity of chemical synthesis of oligonucleotides has led to the development of practical 
guides for laboratory work and common use of commercial automated DNA synthesizers. See, M.H. 
Caruthers, "Gen synthesis machines: DNA chemistry and its uses", Science, 230, (1985), 281-285; and 
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i^ro E i C ^ Ch ; "t Ut ° mated SyS,em f0r the °P« mi «d chemical synthesis of ollgodeoxyribonucleoMes- in 

ZZ 22U ITT' ^ S T heSiSt Sel6Cted Meth ° dS and WO™ (A.an H UssZ New 
York), (1988), 221-234. Commercial instruments are available from several soun-P* «„r-h « no. 

Company (Wilmington. OE), Mi.lige.BioSearch. Inc. (San Rafael. CA> *?ZSJ!%Z^ 

CA). Preferred ar the Biosearch 8700 or the Applied Biosystems 391 PCR-Mate 

synthesis instruments. The operation of these instruments and the details of the bP» a rwan^th . 

tXSSXTT ? emiS,ry 7 C ' eS US6d With ^ iS deSCribed in sea ct nTrod^ 

8600/8700 instruction manual or the PCR-Mate Modal 3Q1 nisiA C wnth fl , , A . ae 

Biosystems part number 900936. version 1.00 ZsT^ZZ ^ ^ 
'° nrn ' aSt « 0U T P u' in9 Cyde ° f oli 9° nu c"eotides can be completed leaving the 5' terminal dimethoxvtritvl 
fuuZZ 0 ', : d T h r W,tVl 9r ° UP iS Pre ' erab,y lett on ,or convenience in subsequent « ! 
frol T \ 0 ' r r U dMft * ^ COmP ' 8ted 3nd pr ° teCted °«90"^.eotide must be deputed and c Ced 
HIT f„ I S K PPOrt Pn ° r t0 puri,ication - The so,id support bearing the completed o.igonucleottdes is 
treated with fresh concentrated ammonium hydroxide at room temperature for at i M «t LTZ , , 

ammonium hydroxide and the combined concentrated ammonium hydroxide is incubated « SET* a 
sealed v,al ,n order to remove the protecting chemical functionalities from the protected bases The samole 
.s then cooled and. at a minimum, evaporated to dryness under vacuum The sarnie ma^^h* 
2 o tZ17™ ^ C °" Cen,ra,ed ammoni - h Vdroxide or ethano. of at least SsTptrity b'y Le 
20 The fmal sample can then be stored in a lyophilized (dry) state or can be resuspended in sterile d^Jed 
water before storage at -20 C indefinitely. See the PCR-Mate Model 391 user's manual lorl * d 2 H 
Caruthers et a/.. Methods in Enzymology. 154, supra. P ' d M " H 

Any cleaved and deprotected oligonucleotide prepared by methodology drawn from the oreferred 
choices above can be purified by one or more of severa. methods known .n the art. Tese pur fica ^ 
£TZV U< ? ^ ^ ' imited 10 P 0, V acr V ,ami ^ ge. electrophoresis, agarose - gJXtSSSST 
^oo^ZTT at T Phy - affinitV chro ™ to ^V. high performance liquid rtroni^SriS 
tJrhnin ' nte / act,on chromatography. The preferred method is selected from the group of purification 
In* Th T 1 C ° nS ' StS ° f po, y acr V |amide 9el electrophoresis, high performance liquid $ZLZZ££Z 
30 rl h V !° P ! C m,eraCti ° n chromato 9 ra P h V- One such preferred method is polylryl^SX- 
30 r ° Ph0r T' C pu 1 r,,lcat,on of o'igonudeotides lacking a dimethoxytrityl moiety on the 5' terminus on a leZl 
~ 1m r'r^ 8 Slab ^ 20 * <° ^ 09.08 cm, in 7 M urea. 90 mM Tris-HC. p 8 3 TmlJ ^borate 1 -2 
3 0 f sod '7 f hy.enediaminetetraacetic acid (EDTA). A portion of each oligonucleotide to be purS Jo 3- ■ 

disodium PDTA l*<» ?■ t0 dry ? SS ""'^ VaCUUm ' resusp8 ^ d «" lionized formLderl mM 
disodium EDTA (>9:<1) conta.n.ng at least 0.01% bromphenol blue and at least 0 01% xylene cvancl 

wet (at easT^rnm^ V T' p,aced ,n a " ic ° ™* then loaded i^n nd lai 

wen (at least 6 mm ,n width). The sample(s) is electrophoresed at 80-90 W towards the anoda until thl 
bromphenol blue has migrated at least two-thirds the length of the po^acrSd ge! ™ fu Menoth 

w ar s U u?hTL a a e n w" *> ^ ^ * on \ pfece ZfSL^XZ 

wrap SU ch as Saran Wrap, placmg it on top of a thin layer chromatography plate (e.g., Silica Gel F-254 
Rsher Sc.ent.ftc Company, Pittsburgh, PA) containing a f.uorescent indoor compound and examining the 
polyacrylamide ge. under short wavelength ultraviolet light illumination. The fu..-.ength band^ material is then 

im C S: d d^on a ? bTfler 6 Th' ^ !~ T*" °" °' ^ ^ Vari0US '^ ^^S^ 
i* 8 ; buffe h r - The P re,erre(j metnod o f extraction is diffusion into 0.5 mL of 0.3 M sodium 
acetate P H 7.5. overnight with shaking followed by centrifugation to remove the polyacrylamide Z l2 
successive extractions of the aqueous phase with phenolxhloroform (1:1. v:v) and et37rSati?n Te 
precip, tated o.igonudeotide can then be resuspended in an appropriate volume (uS^n^SS ^ of \o- 
1000 ul) m a su.table buffer such as 10 mM Tris-HCI. P H 7.5. 1 mM disodium EDTA or in sterTe distj.led 
water and stored at -20 C. See unit 2.12. "Purification of o.igonuc.eotides using denatulg ^yacryS 

An alternative more preferred method of purification and one well suited for purification of 
chZ a 2,° T ,!!p,i aVin9 3 dimethox ^' ™«*Y on the 5' terminus is high perfola^ce 

9 r Y ( T C> ° n 3 reV6rSe Ph3Se HPLC C0,umn Such a revefS « Phase Hplc column can be 
S5 numtLr " ^ ° 3 ^ ° f SiKCa ° r P ° ,ymer bas d resins which •»• commercial available frTm a 
1ST / r SUCh 38 Mil,i P° re/Wa ^ (Mi'ford. MA). The Nest Group (Southboro. MA^ RaTnin 

I iST^r; '"ch^^r" MA>> T - Bak6r ' nC - < Philli P^. NJ). A,,tech Asso^ateslT 
B^To^^n Zr 7 ? m , Pany (R ° Ckf0rd ' ' L) - ^"CleotJdes are .oaded. fractionated and 
eluted from such an HPLC column by. for example, an acetonitrile gradient in any of several suitable non- 
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destructive buffers. Preferred acetonitrile gradients are in the range of 5% to 40% and more preferably in 
the range of 5% to 30% in 0.1 M triethylammonium acetate, pH 7.0, buffer. Preferred reverse phase HPLC 
columns include those with linear alkyl chain moieties bound to them such as C 4 , C 8 , or C 18 aikyl chains. 
The appropriate fractions containing purified full-length oligonucleotide are then pooled, evaporated under 

5 vacuum and resuspended in 3% (v/v) acetic acid in water at room temperature for 10-30 minutes. The 
detritylated oligonucleotides are then ethanol precipitated or purified by other suitable means such as size 
exclusion chromatography. Alternatively, full-length detritylated oligonucleotides can also be purified by 
HPLC using various types of columns and gradient materials. For guidance, see. G. Zon and J. A. 
Thompson, "A review of high-performance liquid chromatography in nucleic acids research," BioCh- 

w romatography 1, (1986), 22-32. 

Another alternative more perferred method is purification of the oligonucleotide by hydrophobic 
interaction chromatography. This purification technique for the purposes of the present invention is a form 
of reverse phase chromatography under atmospheric pressure over a hydrophobic resin. A crude 
oligonucleotide mixture in the ammonium hydroxide deprotection and cleavage solution is applied to the 

75 hydrophobic resin which has been equilibrated in a suitable buffer such as 1 .0 M triethylammonium acetate, 
pH 7.0. Bound oligonucleotides are then detritylated by exposure to 2% trifluoroacetic acid for 1-3 minutes 
and then recovered in 15-40% acetonitrile in water. The recovered oligonucleotide is then lyophilized and 
resuspended as described above in a suitable buffer or sterile distilled water. 

One or more synthetic oligonucleotides will be necessary to prepare a partially or completely synthetic 

20 gene for the purposes of the present invention. Any appropriate oligonucleotides and/or portions or all of a 
natural gene such as a natural magainin gene can be assembled into a gene encoding one or more 
AMPPPs by denaturing these DNAs by some means such as heating, mixing with a chaotropic agent such 
as urea or formamide or exposure to an alkaline solution. Phosphate moieties can be attached en- 
zymatically to any DNAs or oligonucleotides lacking them using an enzyme such as T4 polynucleotide 

25 kinase. See, section 3.10 in Current Protocols in Molecular Biology, supra. Any oligonucleotides being 
used in the preparation of a gene within the scope of the present invention and in the presence or absence 
of any additional natural DNAs are then renatured or annealed by appropriate means, such as slow cooling 
to room temperature or dialysis to remove any chaotropic agents. These annealed DNAs can be linked 
covalently by treatment with a suitable enzyme such as T4 DNA ligase. See, section 3.14 in Current 

30 Protocols in Molecular Biology, supra. 

If necessary and where suitable, the gene products encoding AMPPPs prepared by this means can be 
prepared for appending to genetic regulatory DNA sequences by treatment with restriction endonucleases 
according to manufacturer's specifications or by methods known in the art. See, for example, T. Maniatis ef 
a/., Molecular Cloning, supra, pp. 104-106. 

35 Genetic regulatory signals which are appended to genes encoding AMPPPs so as to render them 
capable of expression as protein in a defined host cell may include gene promoter sequences, which are 
DNA sequences recognized by the biological machinery of the host cell and which induce transcription of 
the DNA sequence into messenger RNA (mRNA) by an RNA polymerase within the host cell. This mRNA 
must then be capable of being translated on ribosomes within the host cell into a protein product. The gene 

40 promoter sequences may be derived in part or in whole from promoter sequences found in celts untik 
those of the host ceil so long as they meet the above criteria for transcription and translation. For example, 
a gene promoter sequence from the gram-negative bacterium Escherichia coli may be satisfactory for 
expression of an AMPPP gene in the gram-positive bacterium Bacillus subtillis. 

A second genetic regulatory element which may be appended to an AMPPP gene for the expression of 

45 one or more AMPPPs is a gene terminator or polyadenylation sequence. This DNA sequence contains 
genetic information that interrupts and halts further transcription, and, in the case of eucaryotic cells, 
provides information directing attachment of one or more adenosine nucleotides at the 3* end of the mRNA. 
A gene terminator sequence may represent in part or in whole a terminator sequence originating from the 
genome of the host cell or from the genome of some unlike cell that is known to be effective at 

so appropriately terminating transcription within the host cell. An example of such a sequence would be the 
Salmonella typhimurium his operon rho-independent transcription terminator sequence (see, for example, 
M. E. Winkler, Escherichia coli and Salmonella typhimurium: Cellular and Molecular Biology (F.C. Neidhardt 
ed.-in-chief; American Society for Microbiology, 1987], chapter 25) or the octopine synthase terminator 
sequence from an Agrobacterium turn faciens Ti plasmid (see, for example, H. DeGreve et a/., 

55 "Nucleotide sequence and transcript map of the Agrobacterium tumefaciens Ti plasmid-encoded octopin 
synthase g n J. Mot. AppL Genet. 1, (1982), 499-511). 

An AMPPP gene or genes with attached genetic regulatory signals is pr ferably introduced into a host 
cell of either procaryotic or eucaryotic origin for the intent of expressing the one or more AMPPPs encoded 
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by the relevant genes. The means of introduction is well-described in the art and depends upon the type of 
host cell in which gene expression is being sought. For example, transformation of bacterial cells with 
externally supplied ONA such as cells of Escherichia coli can be accomplished by a calcium chloride 
procedure. Typ.cally. the AMPPP gene or genes with attached genetic regulatory signals are covalently 
bound into a suitable transformation vector prior to the transformation procedure. Such vectors have been 
reviewed m Vectors: a Survey of Molecular Cloning Vectors and Their Uses by R. L. Rodriguez and D 
T. Denhardt (Butterworths, Boston: 1988). See, also. T. Maniatis et at. Molecular Cloning, supra, pp. 247- 
255. 

Once expressed with any such gene expression system in a suitable host cell, the AMPPPs may be 
extracted and/or purified by conventional means and used against plant pathogens in either a partially 
puntied or a substantially purified form. Methods of extracting AMPPPs from host cells include heat and/or 
enzymatic lysis of the host cell, solubilization in a lipidic solvent or aqueous-organic micellar solution and 
pressure rupturing of cell membranes and/or cell walls by forcing the host cells through a French press 
The preferred method for cell lysis for the case of bacteria as host cells depends upon the scale of 
production being sought. For large scale production, heat or pressure rupturing of the bacterial cells is 
preferred. See. for example, H. Hellebust. "Different approaches to stabilize a recombinant fusion protein " 
B,oTechnology. 7. (1898). 165-168. The extracted AMPPPs may be used in their immediate form without 
further punfication or may be partially or completely purified by application of one or more fractionations of 
cellular contents by a method such as size exclusion chromatography, ion exchange chromatography 
electrophoresis, affinity chromatography and the like. 

Another possibility is to use totipotent plant cells as the host recipient for expressing those genes 
encoding AMPPPs and expressing AMPPPs as protein product whereby the plant cells are capable of 
regenerating fertile crop plants. In this latter instance, the recipient plants are termed genetically trans- 
formed or transgenic plants. There are several known methods for introducing foreign genes into plants 
The method of choice depends primarily on the type of crop plant that is to be transformed. However, many 
of these methods may be used in accordance with the present invention. 

One method that is particularly efficient for the transfer of DNA into dicotyledonous plants involves the 
use of Agrobacterium. In this method the gene of interest (for example, an AMPPP with a CAMV 35S 5 1 
promoter region and a 3' OCS terminator region) is inserted between the borders of the T-DNA region that 
has been spliced into a small recombinant plasmid with a selectable gene (for example, genes encoding 
neomycin phosphotransferase II of transposon Tn5. phosphinothriein acetyltransferase,, and the like) The 
recombinant plasmid is then introduced into an Agrobacterium host either by direct transformation or by 
tnparental mating. The Agrobacterium strain carrying the gene of interest is then used in transformation of 
dicot plant tissue by co-culturing the bacterium with the plant sample (e.g., leaf disc) for a period of 2-3 
days. Transformed cells are recovered by selection on the appropriate agent and plants can then be 
regenerated. See, R.B. Horsch et al.. "A Simple and General Method of Transferring Genes into Plants - 
Science. 227. 1985). 1229-1231. :7 

Other methods that have been used in the transformation of plant cells, and in particular on the more 
recalcitrant monocotyledonous crop plants, include chemically induced transfer (e.g.. with polyethylen 
glycol; (see Lorz et al.. Proc. Natl. Acad. Sci. 82:5824-5828. 1985). biolistics (W. J. Gordon-Kamm et al.. 
"Transformation of Maize Cells and Regeneration of Fertile Transgenic Plants." The Plant Cell 2 (1990) 
603-618). microinjection (Neuhaus et al.. Theor. Appl. Genet.. 75:30-36, 1987). and others' (Potrykus' 
Bio/Technology, 9:535-542, 1990). 

External Application of AMPPP 

If an external application of AMPPPs is to be used to protect a plant against pathogens, it would be 
expected that the AMPPPs would be diluted to form a liquid solution or suspension containing between 1- 
100 micrograms/mL of the AMPPPs or mixed with a diluent solid to be applied as a dust. The precise 
nature of application will depend in part on the particular pathogens being targeted. Detailed methods for 
adapting general methods of application to specific crops and pathogens can be found in Methods For 
Evaluatmg Pesticides For Control of Plant Pathogens. K. D. Hickey. ed.. The American Phytopatholog- 
ical Society. 1986. Methods of application that are expected to be particularly useful in accordance with this 
aspect of the present invention include int rmittent aqueous and non-aqueous sprays of the entire plant or 
parts thereof, seed coatings, and inclusion in irrigation systems (e.g.. greenhouse mist-benches). Adjuncts 
that could be added to the formulation would include agents to aid solubilization, wetting agents and 
stabilizers, or agents that would produce a microencapsulated product. The formulation should preferably 
not contain high concentrations of inorganic salts and particularly not divalent cations such as Ca* * Mg** 



23 



EP 0 472 987 A1 



Fe . External applications could also utilize recombinant microorganisms in either a viable form or after 
being converted into a non-viable form by a method that does not inactivate the AMPPPs. If viable 
recombinant organisms are used to deliver the AMPPPs, it would be preferable if they had the ability to 
colonize the target plant. 

5 

AMPPP Antimicrobial Activity 

Those AMPPP compositions which are preferred for the. purposes of the present invention are those 
which meet at least some of a multiplicity of criteria. A primary criterion for AMPPPs in accordance with the 

io present invention is activity against one or more plant pathogens. That is, these peptides should be 
effective to retard plant pathogens. The term "plant pathogen* encompasses those organisms that can 
cause damage and/or disease to plants, and includes fungi, procaryotes (bacteria and mycoplasma), viruses 
and viroids, nematodes, protozoa, and the like. 

For example, there are more than 8,000 species of fungi that can cause plant disease. See, Plant 

is Pathology, George N. Agrios. Third ed., Academic Press, Inc., 1988; A Literature Guide for Identification 
Of Plant Pathogenic Bacteria, A. Y. Rossman et al., American Pathological Society, St. Paul, MN, 1988; 
The Laboratory Guide for Identification Of Plant Pathogenic Bacteria, N. w. Schad, Ed., American 
Phytopathological Society, St. Paul, MN, 1980. In recognition of the extensive array of such pathogens, the 
most useful AMPPPs within the context of one aspect of the present invention are those which have a broad 

20 spectrum of activity, inhibiting or retarding the growth or survival of numerous plant pathogens, or which are 
very effective against specific groups of pathogens, especially groups which cause diseases in crops. For 
example, Erwinia species are responsible for a variety of soft rot and wilt diseases that cost farmers 
hundreds of millions of dollars annually. One or more AMPPPs which could control the survival or 
proliferation of Erwinia species would therefore be desirable. More desirable, however, are AMPPPs which 

25 would also provide some measure of activity against other species of fungi and/or against other classes of 
pathogens which may combine to attack a specific host. Examples of such a condition are stalk rots in 
maize that are caused by different combinations of several species of fungi and bacteria (e.g. Fusarium 
spp, Gibberella spp ( Diplodia spp, Macrophomina spp, Pythium spp, Cephalosporium spp. Erwinia spp, 
Pseudomonas spp). Other examples include conditions where damaged tissues are invaded by saprophytic 

30 organisms as in postharvest diseases of plant products. 

- A number of symbiotic or benign microorganisms, which are mainly bacterial species, are found 
associated with plants. Useful AMPPPs would be those which do not have an effect on the survival of these 
microorganisms while exhibiting effective control of one or more distinct plant pathogens. Therefore, in 
some situations, a degree of specificity is beneficial. For example, when protection of a root system is 

35 desirable, it would be beneficial to leave intact organisms such as Rhizobium spp, which fix atmospheric 
nitrogen or root colonizing organisms such as Pseudomonas spp. that serve to protect the roots from 
certain pathogens. Since many of these beneficial or benign organisms are bacteria, there is a specific 
utility for AMPPPs that have diminished activity against bacteria. AMPPPs in accordance with this aspect 
include, without limitation [His 10 ]Mag 2, [His l1 ]Mag 2, [His 10 ' His n ]Mag 2, [Thr*]Mag 2, [Glu 8 ]Mag 2, and 

40 [Phe 7 ]Mag2. 

AMPPP Proteolytic Resistance 

Another basis for selecting preferred AMPPP compositions in accordance with the present invention is 
45 resistance to digestion or degradation by one or more plant proteases or plant pathogen proteases. Plants 
contain enzymes which are used to degrade proteins within a cell, within a subcellular organelle, within a 
compartment, or within the extracellular space between cells. These enzymes, also known as proteases, 
degrade proteins and peptides by breaking specific bonds linking amino acid sequences and producing 
inactive or less active fragments. In the context of the present invention, this natural phenomenon can be 
so disastrous because it can deactivate the AMPPPs which may protect a plant by retarding plant pathogens. 
This problem presents for both topically applied AMPPPs which are exposed to proteases contained within 
the extracellular spaces and expressed AMPPPs which are exposed to intracellular proteases. 

Post-translational cleavage of the Xaa'°-Xaa 11 position is caused naturally by proteases native to the 
exudates of the skin of Xeropus laevis, indicating that this site is available to proteases for digestion. See 
55 M.G. Giovannini et al., supra. 

At least some amino acid substitutions and/or deletions at sites adjacent to peptide bonds which can b 
characterized as sensitive to one or more plant proteases should reduce or eliminat proteolysis. This may 
be due, at least in part, to inhibition of the action of the respective plant protease or proteases through 
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induction of a poor "fit" between the protease enzyme and the AMPPP substrate cleavaae site 

t has been unexpectedly found that plant proteolytic degradation due to treatment of AMPPP* with 
plan extrace.lu.ar fluid containing p lan , proteases occurs by cleavage of the bonds bXeen H^Inc 2 
pos.t.ons 7 and 8. respective.y. of Magainin , and Magainin 2. an' Met and Asn atTosln^ 2 Tand J 
7onZ l° 2 - ln r9C ° 9ni,i0n °' th6Se Phen ° mena - Specific subsmutfons ha" Jeen d scovered 

P ant proteases T^JE*™ ^ " 9reat,y redudn9 adverse ^gradation by 

TiT^bLl 50 m ° d,f,ed af8 th8re,0r8 ,ike ' y ? andi ^es for expression in transgenic plants 

as well as be.ng useful for conventual application for crop protection Substitutions at the fn^Znl 

*> S nn« J 6 ^ inV6nti0n 10 Pr ° V,de 3 peptide which is ™ °"'y resistant 2%o2o3V! 

proteose d^ad^on. „„. is „ 0 „ M d to pras,™ W nonixTsLT ^ x2 
1« L^™- T" "* deS " ab " * ™ a " y 01 *' ^en«oned position, ,. providVr^cStu 

™S 2 S ,„ I t C ' MS "' 9 """""a*™ »> ■ «**>". »hich contains one o, mora plant 

~oo2i^.r^r,rs:;s » srrz™ p t™** * * 

pounds »»■»,,, mlgM entJL ,n a cop l£ZZZ£Z ^^SEE*"**" "» 



25 



EP 0 472 987 A1 



used to examine the stability of AMPPPs in the presence of proteases in organelles such as chloroplasts, 
mitochondria, peroxisomes, vacuoles and the like. 

Solutions prepared from a subcellular organelle, plant tissue, plant cell cultures, or plant pathogen cell 
cultures in accordance with the present invention are generally very dilute. The protease is usually present 

5 in solution in an amount of from about 1 ppm of water (one part per million parts of water) to about 1 ppt of 
water (one part per thousand parts of water). However, when used to test resistance to proteolytic 
degradation, the solution is further diluted up to 20 times with water. Thus, the protease may be present in 
an amount of as little as about 0.05 ppm of water. The actual amount of protease useful in reagents in 
accordance with the present invention is understandably difficult to articulate. However, it is preferred that 

w the reagent used contain an amount of protease sufficient to cause at least 50% degradation of a tested 
compound in a predetermined time, usually less than about five hours. The reagent and the compound 
being tested are incubated at a temperature of about 37* C and then degradation, to the extent is occurs, is 
stopped by inactivating the proteases within the reagent. This may be accomplished by a number of means 
such as the addition of an acid, such as citric acid or trifluoroacetic acid, the addition of a surfactant, or 

75 heating. A simple check for verifying the efficacy of the reagent is by testing its effect on Magainin 1 or 
Magainin 2 which have no natural resistance to proteolysis. If the Magainin 1 or Magainin 2 tested is 
sufficiently degraded in less than about five hours, then other AMPPPs tested with the reagent may be 
qualitatively compared thereto. 

Other conventional additives may be included in the reagents in accordance with the present invention 

20 for reasons which are readily apparent. These include buffers, such as Tris(tris-[hydroxymethyl]- 
aminomethane); Met(2-(N-morpholino]-ethane sulfonic acid); and (N-[2-hydroxyethyl]piperazine-N'-{2- 
ethanesulfonic acid]) preservatives, such as sodium azide or thimerosal. Mixtures of these additives may 
also be useful. When present, these additives generally are present in an amount of about 0.01% to about 
0.10%. 

25 Proteolytic degradation can be monitored by a number of techniques, such as ion exchange chromatog- 
raphy, electrophoresis analytical techniques, isoelectric focusing, high performance liquid chromatography, 
size exclusion chromatography, affinity chromatography, immunoassay, and other methods known in the art. 
Confirmation of proteolytic degradation can be obtained by detecting fragments of an AMPPP. Additional 
proof of proteolytic degradation can be obtained by characterizing the composition of such AMPPP 

30 fragments. Such characterization can be by a variety of techniques known in the art, including but not 
limited to amino acid analysis and molecular weight determinations on such fragments. Preferred methods 
of molecular weight determination include FAB-MS and HPLC-MS. Information of this nature may also 
provide evidence as to the site or sites of proteolytic attack on an AMPPP and suggest amino acid 
replacements and/or substitutions would increase the resistance of an AMPPP to proteolytic degradation. 

35 It is also possible that one or more of the AMPPPs embodied within the present invention would prov 
resistant to degradation by one or more plant proteases, but would be sensitive to proteolytic degradation 
by one or more proteases secreted by a plant pathogen. In this instance, detection of such proteases may 
be possible by incubating an AMPPP with culture supernatant of one or more plant pathogens towards 
which AMPPP effectiveness is sought, and determining whether or not the AMPPP is degraded exo- or 

40 endoproteolytically by one or more methods discussed above. Any microbially-derived protease activity of 
this nature against an AMPPP so detected could then serve as the basis for determining the site or sites of 
such cleavage within an AMPPP and potentially lead to the design and synthesis of amino acid substitutions 
and/or deletions within the AMPPP which would reduce or eliminate its susceptibility to degradation by 
proteases originating from a target plant pathogen. 

45 It is possible that certain amino acid substitutions and/or deletions, while preferred in order to reduce 
proteolysis, will have a negative effect on AMPPP potency against one or more agriculturally important plant 
pathogens. Conversely, those substitutions and/or deletions which might be preferred for preserving or 
enhancing AMPPP potency could prove ineffective in providing resistance to one or more plant proteases. 
Therefore, the greatest benefit would be derived from those peptides which produce greater resistance to 

so plant proteolysis while also preserving or enhancing some preferred feature of antibiosis, such as a high 
level of activity against some preferred plant pathogen as a target organism, or some other improved 
characteristic such as reduced phototoxicity. 

One must also consider the site or sites within plant tissue where a significant concentration of one or 
more AMPPPs is sought because it is providing resistance to proteolytic degradation of the relevant 

55 AMPPPs. For example, if the AMPPP is desir d at effective concentrations primarily in plant roots in order 
to provide greater resistance to disease brought about by infections at the root level, such as by fungi 
and/or nematodes, then resistance to root-specific protease activities would be the prime concern. Providing 
resistance to proteolytic degradation of AMPPPs must also take into account the site or sites within plant 
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tissue where a significant concentration of one or more AMPPPs is being sought. For example, if the 
AMPPP is desired at effective concentrations primarily in plant roots in order to provide greater resistance 
to disease brought about by infections at the root level, such as by fungi and/or nematodes, then resistance 
to root-specific protease activities would be of prime concern. 

Phytotoxicity 

Yet another basis for selecting preferred compositions to be used in retarding plant pathogens is 
phytotoxicity. AMPPPs should preferably exhibit relatively minimal toxic behavior against the plant cells or 
plant tissue. More particularly, modifications designed to increase antimicrobial activity or stability to 
protease degradation should not increase phytotoxicity. Toxic behavior can be manifested by the death, 
reduced growth, reduced photofixation of atmospheric carbon, reduced assimilation of nutrients such as 
nitrogen or phosphorus, or reduced crop yield. Therefore, it is important to provide peptides which are 
functionally compatible with their host. 

Some relative index of phytotoxicity is therefore preferred in comparing one AMPPP to another or to 
natural magainins or other antibiotic compounds of actual or prospective commercial value. Such an index 
could be the possible effect of an AMPPP on inhibiting normal pant cell organelle function. Preferred 
indices are the inhibition of oxygen evolution or carbon fixation by isolated plant chloroplasts or oxygen 
respiration by isolated plant mitochondria, or cells. These effects could be monitored by a variety of 
techniques and instruments available in the art such as a Warburg apparatus or an oxygen electrode. See. 
"The Use Of the Oxygen Electrode and Fluorescence Probes In Simple Measurements Of Photosynthesis." 
D. Walker. 1987. Hansatech Ltd.. Kings Lynn, Norfolk, England. 

AMPPP Amino Acid Constituency 

In addition to the plant interactive criteria just discussed, AMPPPs in accordance with the present 
invention have a preferred size. The preferred size for an AMPPP modeled on a natural magainin is 
approximately 18-24 amino acids, and more preferably approximately 21-24 amino acids. The minimal size 
of 18 amino acids for an AMPPP is selected because this represents the approximate minimal size for a 
transmembrane peptide. A preferred minimal size of approximately 21 amino acids is chosen for an AMPPP 
because this size represents the approximate size of derivatives of natural magainins which have essentially 
complete or nearly complete activity against at least some human pathogenic microorganisms and at least 
some plant pathogens when tested by means discussed herein. The upper limit on length is preferably 
about 24 residues because this size represents an extension of the AMPPPs in accordance with the pres nt 
invention that include an N-terminal Met or (f)Met. 

Preferred substitutions of Magainin 1 in accordance with the present invention include the compositions 
having the sequence of formula (I) where Xaa 22 is Lys, wherein Xaa 6 is an amino acid selected from the 
group consisting of Asn, Pro, 3Hyp, lie, 4Hyp, and Leu, Xaa 7 is an amino acid selected from the group 
consisting of Phe. Ala, Met. Ser. Thr, Trp, Tyr, 3,4-dihydroxyphenylaJanine, Gin, Pro, 3Hyp. 4Hyp, Lys. Asn. 
Glu. His, Asp, Orn. and Arg, Xaa 8 is an amino acid selected from the group consisting of Ala, Met Pro, 
3Hyp, 4Hyp, Thr, Ser. Trp, Tyr, 3,4-dihydroxyphenylaIanine, Gin, Lys, Asn, Glu. His, Asp. Orn, and Arg! 
Xaa 10 is an amino acid selected from the group consisting of Gly, Leu, lie. Val. Ala. Phe, Met, Thr, Ser, Trp 
Tyr, 3,4-dihydroxyphenylalanine, Gin, Lys, Asn, Glu, His, Asp, Orn, and Arg, Xaa 11 is an amino acid 
selected from the group consisting of Met, Trp, Tyr, 3,4-dihydroxyphenylalanine, Gin. Lys. His. Pro, 3Hyp, 
4Hyp. Ser, Orn, and Arg, Xaa 13 is an amino acid selected from the group consisting of Leu, lie, Trp, Phe! 
Val, Ala, Gly, Pro. 3Hyp. and 4Hyp, Xaa' 8 is an amino acid selected from the group consisting of Thr. Trp 
Tyr, Asp, Glu. Lys. Arg, Gin. His. Met. Ala. Gly, Pro, 3Hyp, and 4Hyp, Xaa 19 is an amino acid selectedfrom 
the group consisting of Ala, Glu, Pro. 3Hyp, and 4Hyp. and Xaa* and Xaa 23 may be the same or different 
and are selected from the group consisting of Arg, Orn, Asp. His. Glu. Lys. Gin, Tyr, Thr, 3.4-dihydrox- 
yphenylalanine. Trp, Met. Asn, Ser, Ala. Phe, Val, lie, Leu, Pro, 3Hyp and 4Hyp. Magainin 1 substituted with 
one or more of these amino acids at the positions indicated are preferred because of their utility in retarding 
plant pathogens. The terms "retard" and "retarding" as used herein mean inhibition, destruction, and/or 
deactivation. Thus, the peptides in accordance with the present invention need not necessarily kill the target 
plant pathogen, but need only impede its progress in otherwise infecting a plant 

In accordance with a more preferred aspect, substitutions in accordance with the present invention 
include compositions having the sequence of formula (I), where Xaa 22 is Lys and wherein Xaa 6 is Leu, Xaa 7 
is an amino acid selected from the group consisting of Phe, Ala. Met. Thr. Tyr, Gin. Lys. His and Arg, Xaa 8 
is an amino acid selected from the group consisting of Ser. Ala. Met, Thr. Trp, Tyr. Gin, Lys. Asn, Glu, His, 
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Asp and Arg, Xaa 10 is an amino acid selected from the group consisting of Gly, Leu, Vaf, Ala, Met. Thr, Ser, 
Trp, Tyr, Gin, Lys, Asn, Glu, His, Asp and Arg, Xaa 11 is an amino acid selected from the group consisting of 
Met, Trp, Tyr, Gin, Lys, His, Ser, and Arg, Xaa 13 is an amino acid selected from the group consisting of Ala, 
Gly, Leu. lie, Trp, Phe, and Val. Xaa 18 is an amino acid selected from the group consisting of Ala, Gly, Thr, 

5 Trp, Tyr, Asp, Glu, Lys, Arg, Gin, His and Met, Xaa 19 is an amino acid selected from the group consisting of 
Ala and Glu, Xaa 21 is an amino acid selected from the group consisting of Arg, Asp, His, Glu, Lys, Gin, Tyr, 
Thr, Trp, Met, and Ala, and Xaa 23 is an amino acid selected from the group consisting of Ser, Val, Ala, Leu. 
lie, Trp, Phe, Thr, His, Gin and Tyr. 

Some of the more preferred substitutions of Magainin 1 in accordance with the present invention 

;o include Ala 13 , Ala ,8 ; Lys 7 ; Arg 7 ; Ala 7 ; Phe 7 ; Thr 8 ; Glu 8 ; Lys 10 ; Ala 18 ; Ala 19 ; Arg 7 , Thr 8 ; Arg 7 , Glu 8 ; Arg 7 , 
Ala 8 ; Lys 7 , Thr 8 ; Lys 7 , Ala 8 ; Lys 7 . Glu 8 ; Ala 7 , Thr 8 ; Ala 7 , Glu 8 ; Ala 7 , Ala 8 ; Phe 7 , Thr 8 ; Phe 7 , Ala 8 ; Phe 7 , 
Glu 8 ; Pro 11 ; His 10 ; His 11 ; and His 10 . His 1 . 

Naturally occurring, Magainin 1 and Magainin 2 are active against animal pathogens, are found in the 
African clawed frog and have no methionyl residue, whether Met or (f)Met, at the N-terminal end. This is not 

/5 surprising because higher life forms, i.e., eukaryotes, usually express peptides in methionated form, and 
subsequently process the methionated peptide to yield the active peptide form. 

Active AMPPPs constructed in accordance with the teachings of this invention can, and in certain 
instances desirably do, have N-terminal methionyl residues, i.e., f(Met) or Met. This is a significant 
discovery because the need for cellular processing of AMPPPs constructed as set forth herein is 

20 significantly reduced, if not eliminated. Thus, AMPPPs engineered to be methionated whether by addition of 
a methionyl residue or by deletion and/or substitution of other amino acid residues coupled with the addition 
of a methionyl residue exhibit antimicrobial activity without further cellular processing. Exploitation of this 
discovery will not only greatly facilitate development of products for agricultural use, but will facilitate 
genetically engineered production of AMPPPs. 

25 The extension of an AMPPP by the addition of one of the amino acids methionine or N-formylated 
methionine "(f)Met" to the amino terminus of an AMPPP is also among the preferred aspects in accordance 
with the present invention because proteins produced in nature generally have a methionine (Met) at the 
amino terminus. Bacterial proteins, however, generally initiate protein synthesis by introducing an N- 
formylated Met at the N-terminus followed by post-translational removal of the formyl group. Unlike naturally 

oo occurring active Magainin 1 and 2 where AMPPPs are produced by bacteria, some or all of the active 
AMPPP produced should include an (f)Met amino acid at the N-terminus. 

AMPPPs of the present invention involve certain specific single and double residue omission deriva- 
tives. These AMPPPs retain their antimicrobial activity against plant pathogens despite the fact that similar 
compounds had previously been reported to be ineffective in treatment of human bacterial pathogens. For 

35 example. [Oes Gty']Mag 1 and [Des Gly 1 , Des lle^Mag 1 were both efficacious in treatment of specific plant 
pathogens such as Erwinia carotovora or Trichoderma reesi despite a report that [Des Gly^Mag 1 is not 
active against the human pathogens Escherichia co//, Staphylococcus epidermis or Candida albicans. 
See J. H, Cuervo et a/., Peptide Res., supra. 

Some of the preferred deletions and/or extensions of Magainin 1 in accordance with the present 

40 invention are Met-; Met [Ala 13 , Ala 18 ]; [Des Gly 1 , Des lie 2 ]; Met [Des Met 21 ]; Met [Des Lys 22 , Des Ser 23 ]; 
[Des Lys 22 , Des Ser 23 ]. Please recall that "Des" indicates a deletion and the number in superscript indicates 
the position relative to the N-terminal Gly or N-terminus as previously defined. "Met" indicates the addition 
to the N-terminus, and the remaining three letter combinations indicate the amino acid which is substituted 
for the naturally occurring amino acid in the position or positions indicated by the corresponding superscript 

45 number. 

- Combinations of the aforementioned AMPPP constructions are also contemplated such as, for example, 
[Arg 7 , Glu 8 , Ala 13 , Ala 18 , Des Lys 22 , Des Ser 23 ]Mag 1, Met[Phe 7 ]Mag 1, or [Lys 7 , Glu 8 , Ala t9 ]Mag 1. 
Further, substitutions in other positions, such as, for example Xaa 6 . may be combined with the aforemen- 
tioned substitutions, deletions, and/or extensions. This is with the proviso that the resulting peptide is not 

50 Magainin 1 or just a single residue omission analog of Magainin 1. 

Similar substitutions, deletions, and/or extensions of Magainin 2 are also contemplated. These include 
the preferred and more preferred substitutions described above as well as the preferred deletions and 
extensions described with regard to Magainin 1 . However, in these cases, Xaa 22 is Asn. This is with the 
proviso that the resulting peptide is not Magainin 2, Magainin 2 substituted only in two or more of Xaa 8 , 

55 Xaa 13 , or Xaa 18 with Ala, Magainin 2 substituted with only one Ala, a single residu omission analog of 
Magainin 2 without other substitutions and/or extensions, [Des Gly 1 , Des lle^Mag 2 or Magainin 2 
substituted only in position 21 (Xaa 2t )- Therefore, some of the most preferred substitutions as well as some 
of the preferred deletions and/or extensions of Magainin 2 in accordance with the pres nt invention include 
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Lys ; ; Arg 7 : Ala 7 ; Phe 7 ; Thr 8 ; Glu a ; Lys' 0 ; Arg 7 , Thr 3 ; Arg 7 , GIu 3 ; Arg 7 , Ala 8 ; Lys 7 . Thr 3 ; Lys 7 Ala 3 ' Lys 7 
Glu 8 ; Ala 7 . Thr 3 ; Ala 7 . GIu 8 ; Ala 7 . Ala 3 ; Phe 7 . Thr 8 ; Phe 7 . Ala 8 ; Phe 7 . GIu 3 ; Pro 1 '; His' 0 ; His 11 ; His" 0 His 1 *' 
Met-; MetfAla* 3 . Ala' 8 ]; Met[Des Gly\ Des lie 2 ]; MetfDes Met 2 *]; Met[Oes Asn 22 , Oes Ser 23 ]' and/or fOes 
Asn 22 , Oes Ser 23 ]. 

AMPPP constructions akin to the aforediscussed substitutions, deletions, and/or extensions may be 
made in magainin derived peptides which are not Magainin 1 or Magainin 2. That is to say. strictly 
speaking, these peptides are not Magainin 1 or Magainin 2 or direct derivatives thereof. Such AMPPPs 
would not include a Lys or Asn in position 22 and/or the corresponding Gly or Lys at position 10. These 
include, for example, in a preferred embodiment, compositions having the sequence of formula I wherein 
Xaa 22 is an amino acid selected from the group consisting of Arg, Orn, Asp. His, GIu, Lys. Gin, Tyr, 3 4- 
dihydroxyphenylalanine. Trp, Met, Asn, Ala. Pro, 3Hyp, Ser. Thr. and 4Hyp, and wherein Xaa 6 is an amino 
acid selected from the group consisting of Asn, Pro. 3Hyp, 4Hyp, lie, and Leu, Xaa 7 is an amino acid 
selected from the group consisting of Phe, Ala. Met. Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine. Gin, 
Pro. 3Hyp. 4Hyp. Lys. Asn, GIu, His. Asp. Orn. and Arg. Xaa 8 is an amino acid selected from the group 
consisting of Ala, Met, Pro, 3Hyp. 4Hyp, Thr. Ser, Trp, Tyr. 3,4-dihydroxyphenylalanine. Gin. Lys. Asn, GIu, 
His, Asp, Orn. and Arg, Xaa 10 is an amino acid selected from the group consisting of Gly, Leu, lie. Val, Ala! 
Phe. Met, Thr, Ser, Trp. Tyr, 3,4-dihydroxyphenylalanine, Gin, Lys, Asn. GIu, His. Asp, Orn. and Arg, Xaa 11 
is an amino acid selected from the group consisting of Met, Trp, Tyr, 3.4-dihydroxyphenylalanine, Gin, Lys. 
His, Pro, 3Hyp, 4Hyp, Ser, Orn, and Arg, Xaa' 3 is an amino acid selected from the group consisting of Leu 
He. Trp, Phe. Val. Ala. Gly. Pro, 3Hyp. and 4Hyp, Xaa 18 is an amino acid selected from the group consisting 
of Thr. Trp, Tyr, Asp. GIu. Lys. Arg. Gin. His, Met, Ala, Gly, Pro, 3Hyp, and 4Hyp, Xaa 19 is an amino acid 
selected from the group consisting of Ala. GIu, Pro, 3Hyp, and 4Hyp, and Xaa 2 ' and Xaa 23 may be the 
same or different and are selected from the group consisting of Arg, Orn. Asp. His. GIu, Lys, Gin, Tyr. Thr, 
3.4-dihydroxyphenylalanine, Trp, Met. Asn, Ser, Ala, Phe, Val. lie. Leu, Pro, 3Hyp and 4Hyp. ' 

In accordance with a more preferred aspect of the present invention, magainin like peptides include th 
compositions having the sequence of formula I wherein Xaa 22 is an amino acid selected from the group 
consisting of Lys, Asn, Arg, Asp. His, GIu, Lys, Gin, Tyr, Thr, Trp, Met, and Ala, Xaa 6 is Leu.. Xaa 7 is an 
amino acid selected from the group consisting of Phe, Ala, Met, Thr, Tyr. Gin, Lys, His and Arg, Xaa 8 is an 
amino acid selected from the group consisting of Ser, Ala. Met, Thr, Trp, Tyr, Gin. Lys. Asn. GIu, His. Asp 
and Arg, Xaa 10 is an amino acid selected from the group consisting of Gly, Leu, Val. Ala. Met. Thr, Ser, Trp, 
Tyr, Gin. Lys. Asn, GIu, His, Asp and Arg, Xaa n is an amino acid selected from the group consisting of Met! 
Trp, Tyr. Gin, Lys, His. Ser, and Arg, Xaa 13 is an amino acid selected from the group consisting of Ala, Gly, 
Leu. He. Trp, Phe, and Val. Xaa 18 is an amino acid selected from the group consisting of Ala. Gly. Thr, Trp, 
Tyr, Asp, GIu. Lys, Arg, Gin, His and Met. Xaa 19 is an amino acid selected from the group consisting of Ala 
and GIu, Xaa 2 * is an amino acid selected from the group consisting of Arg. Asp, His. GIu, Lys. Gin, Tyr, Thr, 
Trp, Met, and Ala. and Xaa 23 is an amino acid selected from the group consisting of Ser. Val. Ala Leu Thr 
lie, Trp, Phe, His, Gin and Tyr. . _ 

These substitutions may be combined with other substitutions, deletions, and/or extensions to provide a 
peptide which is not only resistant to plant proteolysis, but also one with increased activity against one or 
more plant pathogens, selected activity against specific plant pathogens, and/or lower phototoxicity. 

Also illustrative of the AMPPPs which fall within the scope of this invention are the peptides having the 
following sequences: 



Glyll«Glyty«;i^L*uAr*S«rAl«Gly^^ 

GiyIl#GlyLy»Ph«I*uI,y»3«rMa^^ 

GlyIl«GlyLy«;?h«l*uFh*S«rAl»GlyLy«^ 

GlyIl«GlyLy«Ki«I*uGluS«rAl^ 

GlyIl#GlyLy«Pfa«I*uA«pS*rAl«Gly^ 
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GlyIl#ClyLy»im«t^uM«tS«rAi«ClyLy«Ph«GlyLy«Al4Ph#v«lciy<!luIl*M«tLy«s«r 



•r 



GlyIl«GXyLy«Ph«UuTyrS«rAl*ClyLy«Ph«ClyLy«Al«Ph0V«iGly<;iuil«itotLy«S 
GlyIl*GIyLy«Ph«L.uAlaS«rAl»ClyLy«Ph«GlyLy«AlAPh«ValGlyGluIl*M«tLy«S«r 
Glyil#GiyLy«Ph«L»uHi«AlaAl*GlyLy«Ph«GlyLy«Al«PhaV«lciy<SluIl«ic«tLymS«r 
Glyll«GlyLy«Ph«L«uHi»GluAlaGlyLy«Ph«aiyty«AI«Ph«VaiGlyGlull€M«tLy«S«r 
Glyll«GlyLy«Ph«LauHi«ThrAlaGlyLy«Ph«Glyty«AlaPhaValGlyGluIl«M«tLy»S«r 
GlyllaGlyLyaPhaLauHi«KatAlaGlyLy«Ph«GlyLy«AIaPhaValGlyGluIlaK«tLyaSar 
GlyilaGlyLyaPhaLauHiaTyrAlaGlyLy«PhaGlyLy«AlaPhaValGlyGluilaMatLysS«r 
GlyllaGlyLyaPhab«uHi«Ly«AlaGlyLy«PhaGlyLy«AlaPhaVaiGlyGluIlaMatLy«S«r 
GlyllaGlyLyaPheLauHiaArgAlaGlyLysPhaGlyLysAlaPhaValClyCluIlaiiatLysSar 
GlyIlaGlyLyaPh«LauHiaAspAlaGlyLy«PhaGlyLy»AlaPhaValGlyGluIlaMatLyaSar 
GlyllaGlyLyaPhaLauHisTrpAlaGlyLysPhaGlyLyaAlaPhaValGlyCluIlalCatLyaSar 
GlyilaciyLyaPhaUauLyaAlaAlaGlyLyaPhaGlytyaAlaPhaValGlyGluIlaMatLysSar 
GlyllaGlyLyaPhaLauLyaGluAlaGlyLyaPhaGlyLyaAlaPhaValGlyCluIlaMatLyaSar 
GlyllaGlyLyaPhaLauLyaThrAlaGlyLyaPhaClyLyaAlaPhaValGlyGluIlaMatLyaSar 
GlyllaGlyLyaPhaLauLyaTrpAlaGlyLyaPhaGlyLy»AlaPhaValGlyGluIla«atLyaSar 
GlyilaGlyLyaPhaLauLyaMatAlaClyLyaPhaGlyLyaAlaPhaValGlyGluIlaMatLyaSar 
GlyllaGlyLyaPhaLauArgAlaAlaGlyLyaPhaClyLyaAlaPhaValGlyGlullaMatLyaSar 
GlyllaGlyLyaPhaLauArgGluAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluIlaMatLyaSar 
GlyllaGlyLyaPhaLauArgThrAlaClyLyaPhaGlyLyaAlaPhaValGlyGluIlaMatLyaSar 
GlyllaGlyLyaPhaLauArqTrpAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluIlaMatLyaSar 
GlyllaGlyLyaPhaLauArqMatAlaGlyLyaPhaGXyLysAlaPhaValGlyGlullaltatLyaSar 
GlyllaGlyLyaPhaLauPhaAlaAlaGlyLyaPhaGiyLy«AlaPhaValGlyGluIlailatI,y»S#r 
GlyllaGlyLyaPhaLauPh«ciuAlaGlyLyaPhaGlyty«AlaPh«ValGlyCluIlallatLyaSar 
GlyilaGlyLyaPhaLiuPh«fUrAlaGXyLyaPhaGlyLymAlaPh«ValGlyGluIla«atLyaSar 
GlyIlaClyLyaPhaLauPh«TrpAlaGlyLyaPhaGlyLy«AlaPhaVaIGlyGluIlallatLy»Sar 
GlyriaGlyLyaPhaLauPhaMatAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluXlaHatLyaSar 
GlyXlaGlyLyaPhaLauGluAlaAlaGlyLysPhaGlyLyaAlaPhaValGlyGluXlaltettyaSar 
GXyXXaGXyLyaPnaLauGXuGXuAXaGXyLysPhaGXytysAXaPhaVaXGlyGXuXXaltotLysaar 
GlyXlaGlyLyaPhaLauGluThrAlaClyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaJiatLya^ar 
GlyllaGlyLyaPhaLauGXuTrpAlaGlyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaKatLyaSar 
GXyXXaGXyLyaPhaLauGXuM«tAXaGXyLysPhaGXyLyaAXaPhaVaXGXyGXuXXalfatX.ya3«r 
GXyXXaGXyLyaPhaLauHatAXaAXaGXyLyaPhaGXyLysAXaPhaVaXGXyGXuXXaltetLysSar 
GXyXXaGXyLyaPhaLau* tGluAlaGlyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaHatLyaSar 



30 



EP 0 472 987 A1 



GlyIl. G lyLy.P h .u.u C XnAlaAl.ci y Ly,Ph,clyLy.Al a p h# v. 1C iyGluIl^tt.y«.r 
GlyIl.GlyLy a Ph.^u C1 nCluAl aC lyLy.Ph^ly L y.Al a Ph.V.l C i yClu i l ^. tty , s . r 
OlyIX^lyLy.P h . L .u C l„ThrA i a C ly L y.pn^ lyLy ^ 1 . ph . v . lclyCluIlrt#tLyaS#r 
G lyIl^lyLy.P h .u.u C l„TrpAl.c lyI( y.p h ^i yty ^ laPh . ValclyCluIl4|t4itLy8S#r 
G XyIl^ly L y.Ph.^ uClnM . tAlaClyLy , ph ^ lyLy ^ la ^ #Vaici ^ iuii ^ tL ^ s ^ 

rXeCXyLy 9 Ph.u.uArgs«AlaCXyLy.P h ^iy Ly , A1 .p h . Val<;lyClurl#JI#tLysS#r 

IX.ClyLysPh.UeuLysSTAXaClyLysPh.dyLysAXaPh.VaXGXyGXuIlH.tLysST 

IXeGXyLy 8 Ph.L.uPh,S«rAiaGXyLy.Ph^lyLy^XaPh. V .lcXyGXuIXH.tLy.S« 

IXeGXyLyaPh.U.uGXuS.rAXaGXyLysPh^lyLysAXaPh.V.lGlyGXuIl^i.tLy.S.r 

XXeGXyLysPh.L.uAspSTAlaGXyLysPh.GXytysAXaPh.ValGlydull.M.tLyss^r 

IXeGXyLy.Ph.U. U K.tS«AXaGXyLyaP h ^ l y L y.AlaPh«V. 1 GXyGlulX«.tLy,S«r 

UaGXyLysPhaUeuTyrS.rAXaGXyLyaPh.GXyLy^XaPh.v.XGlyCXuil^totLy.S.r 

rXeGXyLyaPh.l*uAXas.rAXaGXyLy,PhaGXyLyaAl«Ph«v.lGXyGXuIl«,tLy.S«r 

IXaGXyLy.Ph.L.uHi.AXaAXaGlyLyaPhaGXyLy.AX.Ph.v.lGlyGXullic.tLy.ST " 

IXaGXyLy.Ph.^uHi.GXuAXaGXyI,y.Ph^lyLy^ 1 .Ph«v. 1 GlyGXuIXalf«Ly.ST ~ 

rx«GXyLy.PhaU.uHi.ThrAXaGXyLysPha€ l yLy^laPh.v.lGXy«Xmi«,tLy»S«r 

IX.GXyLy.Ph«U.u«iaM.tAI«GXyLy.Ph«ClyLy^ 1 aPh.v.lGlyCluIlH.tLy.S«r ' 

IX.GXyLy.Ph.t>auHi,TyrAXaGXyLy.Ph«G 1 yLy.Al.Ph.v.lGlyClutX^C.tly.S« 

IX«51yLy.Ph«L.ulli.r.y«AlaGXyLy«PhaGXyLy^aaPh.v.lG l yoX U Ilall«tLy.s«r 

IXaGXyLy.Ph.U.uHi^rgAXaGXyLy.Ph^iyLy^l.Ph.V.lGlyGluIl.M.tty.s.r 

IXaGXyLy.Ph.u.uHl^.pAl.GXyLy.PhaGXyLy^I.Ph.v.lGlyCluIlall.tly.s.r 

IXaGXyLy.Ph,t>uHi.TrpAl.GXyLy.Ph«GXyly«M.PHav.lGlyCluH«H.tI.y.S«r 

IX^lyLy.Ph,UauI.y.GXuAXaCXyt.y.PhaGlyty^a.Ph,v.lGly«luXX«ltotLy^r 
rX«Glyty«Ph«t>uX.y.ThrAlaGlyLy«Ph«ClyLy«Al.Ph«V.lGly«imi«itotLy«S«r 
IXaGlyLy.W»atv.uLy.TtpAXaGlyLy«Ph«ClyLy^a.Ph.v.lGXy«luXl«lutLy«S«r 
IXaGXyLy«Phai*ul,y.ii«tAXaGXyty«Ph«G 1 yLy«jaaPh«VaXGlyCluXl«j|,tLy«s«r 
lXaGXyty«Ph.i*uAxgAXaAXaGXyl,y,Ph«61yLy^aaPh«ValGly«luXl.JtotLyrt«r 
IXa«lyLy.Ph«I*uArgGXuAlaGlyLy«Ph«GlyLy«AlaPh«V«Xoly«luXX«ltott.y.S«r 
IXaGXyLy.Ph.I*uArgThrAXaCXyLy.Ph,GXyLy^aaPh«VaXGlyciuXlaM«tLy^«r 
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Il«GlyLy«Ph«l^uArt3rrrpAlaGlyLy8Ph«01yLy«AlaPh«VaiCIyGluIl«M«tLy»S«r 

Xl«GlyLy«Ph«LauArgM«tAlaGlyLy«Ph«GlyLy«AlaPh«ValGlyGlull«M«tLy«S«r 

IlaGlyLy«Ph#L<uPh«AlaAlaGlyLysPhaGlyLy8AlaPh«ValGlyGluIl«M*tLy8S«r 

IUGlyLy«Ph«l^uPh«GluAlaGlyLysPh«GlyLy»AlaPh#ValGlyGluIla«8tLy«S«r 

IlaGlyLy8Ph«L«uPh«ThrAlaGlyLy8Ph*GlyLy8AlaPh8ValGlyGluIl8M«tLy8Sar 

IleGlyLy8Ph«L«uPh«TrpAiaGlyLyaPh8GlyLy«AlaPh«VaiGlyGlull€M«tLy«S«r 

IlaGlyLy«Ph8L«uPh8M«tAlaGlyLy«Ph«GlyLy8AlaPhaVaiGlyGluIlaM«tLyaS«r 

IlaGlyLyaPhaL«uCluAlaAlaGlyLyaPh«GlyLyaAlaPhaValGlyGluIlaM«tLysSar 

IlaGlyLyaPhaLauGluGluAlaGlyLysPhaGlyLyaAlaPhaValGlyGlullaMatLysSar 

riaGlyLysPhaLauGluThrAlaGlyLysPhaGlyLysAlaPhaValGlyciuIleMatLysSar 

XlaGlyLysPheL^uGluTrpAlaGlyLyaPheGlyLysAlaPhaValGlyOluIlaMatLysSar 

HaGlyLysPh«L«uGluMatAlaGlyLysPhaGlyLyaAlaPh«ValGlyGluIl«MatLyaSar 

IleGlyLysPhaL^uMatAlaAlaGlyLysPhaGlyLysAlaPhaVaiGlyGluIleMatLyaSar 

IlaGlyLyaPhaLauMatGluAlaGlyLyaPh^GlyLysAIaPhaValGlyGlullaMatLyaSar 

HaGlyLyaPhaL«uMatThrAlaGlyLyaPh«GlyLyaAlaPhaValGlyOiullaK«tLyaSar 

Il«GlyLysPhaL«uMatTrpAlaGiyLyaPh«GlyLyaAlaPhaValGlyCluIlaM«tLyaS«r 

Il«GlyLyaPhaL«uMatMatAlaClyLyaPh*GlyLy«AlaPhaValGXyCluIl«M«tLyaSar 

IlaGlyLyaPhaLauGlnAlaAlaGlyLyaPh^GlyLysAlaPhaValGlyGluIlaH^tLyaSar 

IlaGlyLyaPha^auGlnGluAlaGlyLy»Ph«GlyLy«AiaPhaValGlyCimia«atLyaS8r 

IlaGlyLyaPhaLauGlnThrAlaGlyLyaPh^GlyLysAlaPh^ValGlyGluIlatK^tLyaSar 

IleGlyLyaPhaL#uGlnTrpAlaGlyLyaPh«GlyLyaAlaPh8ValGlyGXuIlaMatLyaSar 

riaGlyLyaPhaL«uGinHatAlaGlyLysPh«ClyLyaAlaPh«ValGlyCluIl«llatLyaS#r 

GlyIlaGlyLyaPh«UauAargS«rAlaGlyLy«PhaGlyLyaAlaPhaValGly<51uIl#M«tLya 

GlyllaGlyLy«Ph«LautyaS«rAlaGlyLy«Ph«GlyLyaAlaPh«VaiGlyGluIl«JI«tLy» 

GlyllaGlyLy«PhaI^uPhaS«rAlaGlyCyaPh«GlyLy«AlaPhaValGlyGluIl#K«tLya 

GlyllaaiyLy«Ph8L8uGluS«rAlaClyLyaPhaGlyLy«AlaPh8V«lGlyGluIl#ll«tLya 

Glyil8GlyLyaPh«L*uAaps«rAlaGlyLy«Ph«GlyLy«AlaPhaValGlyGluIl#ll#tLy» 

Glyll^lyLyaPhal^\iicatSarAlaGlyLy«PhaGlyLyaAlaPhaValGlyCluIl^ll«tLy» 

Glyil«GlyLy«Ph«L8uTyrS«rAlaGlyLy«Ph«GlyLyaAlaPh«ValGlyGlttIl*MatLya 

GlyllaGlyLyaPhaLauAlaSarAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluIlaMatLya 

Glyll8GlyLyaPh«LauHiaAlaAlaGlyLy»Ph«GlyLy«Al«Ph«V«lGly01uIl#ltetLy» 

GlyllaGlyLyaPhaLauHiaGluAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluIlaKatLya 
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Clytl«JlyLy.Ph«U.uHi.ThrAlaGIyLy«Ph«ClyLy«Al«Ph.v«lciyCluIl«|i.tLy. 

ClyIl«clyty.Ph«L.uHi«t«tAlaClyLy8Ph«clyLy^a«Ph.Valcly«luHrt.tLy. 

Glyll.GtyLy.Ph.L.uHi.TyrAlaGlyLysPh.ClyLy.AlaPh.ValClyGXuH.K.tLy. 

GlyrieGlyLy.PhaLauilisLysAlaGlyLysPh«<JlyLyaAlaPh.VaiGlyCluIlaMatLy. 

Glyri«GlyLy.PhaLauHisArgAlaGlyLyaPh«GlyLy«AlaPh«ValGlyGlullrt.tLya 

GlyllaGlyLysPhaLauHiaAspAlaGlyLyaPhaGlyLyaAlaPhaValClyCluHaMatLy. 

GlyriaGlyLyaPhaUauHisTrpAlaGlyLysPhaGlyLyaAlaPh.ValGlyGluIlallatLys 

GlyHaGlyLysPhaLauLysAXaAlaGlyLysPh«GlyLysAlaPhaValGlyCluIleHatLys 

Glyri«GlyLyaPh«L.uI,ysGluAlaGlyLy»PhaGlyLy«AlaPhaValGly«luXl«MatLy« 

GlyllaGlyLysPhaLauLyaThrAlaGlyLysPhaGlyLysAlaPhaValGlyGlullaMatLya 

GlyileClyLysPhaLauLyaTrpAlaGlyLysPhaClytyaAlaPhaValClyGluIlaMatLys 

GlyilaciyLysPhaL«uLy«M«tAlaClyLy«PhaGlyLyaAlaPh«ValGlyGluHeMatLys 

GXyriaGlyLyaPh«L«uArgAlaAlaGlyLysPh«ClyLy«AlaI»h«ValGlyGlull«i»«tLya 

GlyIl«GlyLysPhaLaaArgGluAlaGlyLyaPh«GlyLy«AlaPh«ValGlyCluIlallatLy8 

GXyii.GXyLyaPh«LauArgThrAlaClyLy»PhaClyLyaAlaPh«ValGXyGlullaiiatLya 

GlyHaGlyLyaPhaLauArqrrrpAlaGlyLyaPh«ClyLyaAlaPh«ValClyGluIlaifatLya 

GlyllaClyLyaPhal^uArgKatAlaGlyLyaPhaGlyLyaAXaPhaVaXGXyGXuIlaMatLya 

GlyilaGlyLysPhaLauPhaAlaAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluIlaMatLya 

GlyHaGlyLyaPhaLauPha<SluAlaGlyLyaPhaClyLyaAlaPh«ValGlyGluIlaIlatl,ya 

GlyilaGlyLyaPhaUauPhaThrAlaGlyLyaPhaClyLyaAlaPh«ValGlyGlullallatLya 

GlyllaGlyLyaPhaLauPhaTrpAlaGlyLyaPhaClytyaAlaPhaValGlyOluZlaMatLya 

GlyllaGlyLyaPhaLauPhaMatAlaGlyLyaPhaGlytyaAlaPhaValClyCluIlallatLya 

GlyIlaGlyLy«PhatauGXuAlaAlaGlyLyaPha«lyLyaAlaPh«ValGly<!luHaJlatLya 

GlyllaGlyLyaPhaLauGluGluAlaGlyl.y»Pha<slyty«AXaPhaValGly«luIl«lCatLya 

GlyIlaGlyLyaPhaLauCluThrAlaGlyLyaPhaClytyaAlaPh«ValGIy«XuIla«atLya 

GXyIXaCXytyePhaLauGXuTrpAlaGXyLyaPhaCXyLyaAXaPh«VaXGXyGXuIXaMatLya 

GXytXaCXytyaPhaLauGXuMatAlaGXyLy»PhaGXyLy«AIaPh«VaXGXyGXuIXaJtotLya 

GXyXXaCXyLyaPhaLaul(atAlaAlaGXyLyaPha«XyLy«AXaI»h«VaXGXyGXuZX«JtotLya 

GXyIXaGXyLy«PhaLauMatGXuAXaGXyLy«PhaGXyLy«AXaPh«ValGlyCXuXXaJI«tl,ya 

GXyXXaGXyLyaPhaLauMatThrAXaGXyLyaPha«XyLyaAlaPh«V«XGXy«lttXXallatLya 

GXyIXaGXyLyaPhaI^ultatTrpAlaGXyLyaPha«XyLy«AXaPh«VaX«lyoXuXX«ltottyB 

CXyXXaCXyLyaPhaLauMatXatAXaGXyLyaPha«XyLyaAlaPh«ValGXyeiuXXaltotLya 

GXyiXaGXytyePhaLauGXnAXaAXaGXyLyaPhaCXyLy«AXa»h«VaXGXy«XuXX«ltotLy« 
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GlyIX«GlyLy«Ph«L«uGlnGluAlaGlyLy«Ph«01yLy«Al«Ph«V*lGlyCluIl#M«tLy» 

GlyIX«GlyLy«Ph#L«uGlnThrAlaGlyLy«Ph#GlyLy«Al«Ph«V«lGly«luIl«||«tLy« 

GlyIl«GlyLy»Ph#L*uGlnTrpAlaGlyLy«Ph«GlyLy«AlaPh«ValGlyGluIl«||«tLy« 

GlyII«GlytysPhaLauGXnM«tAlaGlyLy»Ph«GlyLyaAlaPh«ValGlyGluIl«M«tLy« 

GlyLysPhaL*uHisSarAlaGlyLyaPh«GlyLyaAlaPhaValGlyGluIl«M«tLysS«r 

GlyLyaPhaLauArgSarAXaGlyLyaPh«GXyLyaAlaPh«VaiGXyGXuIl«KatLy«Sar 

GXyLysPh«L«uLyaSarAXaGXyLy«Ph«GXyLy«AXaPhaValGlyGXuIX«M*tLy«S«r 

GXyLyaPh«L«uPhaSarAXaGXyLysPhaGXyLysAXaPhaVaXGlyGXuIXaMatLy«Sar 

GXyLyaPh«L#uGXuSarAXaGXyLyaPh«GXyLyaAXaPhaVaXGlyGXuIXaMatLysSar 

GIyLysPh«LauAapS«rAXaGXyLyaPh«GXyLysAXaPhaVaXGlyGXuIX«MatLysS«r 

GXyLysPhal^uMetSarAXaGXyLysPhaGXyLysAXaPhaVaXGXyGXuIXaKatLyaSer 

GXyLysPhaLauTyrSarA I aGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaMattyaSar 

GXyLyaPh«I*uAXaSarAXaGXyLyaPheGXyLy»AXaPhaVaXGlyGXuIXaKatLyaSar 

GXyLyaPhaLauHiaAXaAXaGXyLy«Ph«GXyLyaAXaPhaVaXGlyGXuIX«lla*LyaSar 

GXyLyaPhaLauHiaGXuAXaGXytyaPhaGXyLysAXaPhaVaXGlyGXuIXallattyaSar 

GXyLyaPhaLauHisThrAXaGXyLy»PhaGXyLy»AXaPhaValGlyGXuIX*«atLyaSar 

GXyLyaPheLauHisMatAXaGXyLyaPhaGXyLyaAXaPhaVaXCXyGXuIXaJfatLyaS«r 

GXyLyaPhaLauHisTyrAXaCXyLyaPh«GXyLyaAXaPhaVaXGly<5XuIX*MatLyaS«r 

GXyLyaPh«LauHisLyaAXaGXyLyaPh«GXyLyaAXaPhaVaXGlyGXuIX«KatLyaSar 

GXyLyaPh«LauHiaArgAXaGXyLyaPh«<SXyLyaAXaPhaVaXGlyGXuIX«MatLyaS*r 

GXyLysPhaLauHiaAapAXaGXyLysPhaGXyLysAXaPhaVaXGlyGluIXttMatLyaS^r 

GXyLyaPhaLauHiaTrpAXaGXyLyaPh«GXyLy«AXaPhaVaXGly«XuIXall#tLyaSar 

GXyLyaPhaLauLyaAXaAlaGXyLysPh«GXyLysAXaPhaVaXGlyGXuIlaJC«tLyaSar 

GlyLyaPhaLauLyaCXuAXaCXyLyaPhaGXyLyaAlaPhaVaXGXyGXuIXaMatLyaSar 

GlyLyaPhaLauLyaThrAlaGlyLyaPhaGlyLyaAlaPhaVaXGXyGXuIlaJiatLyaSar 

GlyLyaPhaLauLyaTrpAXaGlyLyaPhaGXyLyaAXaPhaVaXGXyGXuIlaMatl-yaSar 

GlyLyaPhaLauLyaKatAlaGXyLyaPhaGlyLyaAXaPhaVaXGXyGXuIXaHatLyaSar 

GXyLyaPhaLauArtjAXaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXalUtLyaSar 

GXyLyaPhaLauArx^3XuAXaGXyLyaPh«GXyLyaAXaPhaVaXGXyGXuIXaJ««tLyaSar 

GXyLyaPhal^uArtrrhrAXaGXyLyaPh«GXyLyaAXaPhaVaXGXyGXuIXallatLya5ar 

GXyLyaPhaLauArgTrpAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIlalUtLyaSar 

GXyLyaPhaLauArgMatAXaGXyLyaPhaGXyLyaAXaPhaVaXOXyGXuIX«KatLya3«r 

GXyLyaPhaLauPhaAXaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaJlatLyaSar 
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ClyLy.Ph,o.uPh«cluAlaGlyLy.Ph«ClyLy«Al«Ph«VaiClyCluIl«K«tLy.s«r 

GlyLy«Ph«l*uPh # ThrAlaClyLy«Ph«ClyLy.Al«Ph«ValClyGlull^totty«S«r 

ClyLyaPh«U.uPh«TrpAlaClyLysPhaClyty a AlaPhaValGlycluii«.tLy.S«r 

GiyLy«Ph«U.uPhrtatAlaciyLy«Ph«ClyLysAlaPh«ValClyCluHaitotLy.S«r 

GlyLy.Ph.L.uCluAlaAlaClyl.y.PhaClyLysAlaPh.VaiclyCluIlaM.tLysSar 

GlyLy.Ph.LauGluCXuAlaOlyty.Ph.GlyLy.AlaPh.v.lciyGluIlail.tty.S.r 

GlyLy5Ph«u.uGluThrAlaGlyLysPh«GlyLy.AlaPhaVaXGlycluIlaii.tLy.S«r 

GlyLysPh«U.uGluTrpAlaClyLy«PhaGlyLy^laPh«ValClyGIuHaM«tLyaSar 

GlyLyaPh«L«uGHiMatAlaGlytyaPhaGlyLy.AlaPh«ValGlyCluIl«M«tLyss«r 

GlyLysPhaUeuMatAlaAlaGlyLyaPh«GlyLyaAlaPh«ValGlyGluIleM«tLysSar 

GlyLy3Phat*uMatGluAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluH««tLyaSar 

GlyLysPheL«uMetThrAlaGlyLysPhaGlyLysAlaPhaValGXyGluIl«M«tLyaSar 

GlyLysPhaLauMetTrpAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluZlaM«tLy3Sar 

GlyLyaPhaLau«a«atAlaGlyLyaPh«ClyLyaAiaPhaValClyGluIlal(atLyaSar 

GlyLysPh«LauGinAlaAlaGlyLyaPhaGlyLyaAlaPh«valGlyGluIlaJ<«ttyaS«r 

GXyLy«Ph«L«uGlnGluAlaGlyLyaPhaGlyLyeAlaPhaVaXGXyt;iuIiali«tLyaSar 

GXyLysPhaLauGXnThrAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaMatLyaSar 

GXyLysPhaL«uGXnTrpAXaGXyt.yaPhaOXyLy«AXaPhaVaXGXyGluIXa«atLyaSar 

GXyLysPhaUauGXn«atAXaGXyLyaPha«Xyl.yaAXaPh«VaXGXyOXuIXal<atLyaSar 

GXyHaGXyLyaPhaX < auHiaSarAXaGXyLyaPha«XyLyaAXaPh«VaXGXyGluIX«Mat 

GXylXaGXyLyaPhaLauArqSarAXaGXyLyaPhaGXyLyaAXaPhaVaXCXyGXuIXaHat 

GXylXaGXyLy«PhaUam.yaSarAXaGXyLyaPha<SXyCy«AXaPhaVaXGXyCluIXaie«t 

GXyIXaGXyLy«pnaLauPto«SarAXaGXyLyaW»a<SXytyaAXaPh«VaXGXyGXuIXaKat 

GXyIXaGXytyaPh«L«uGXuSarAXaGXyLyaI>haCXyty«AlaPh«VaXGXyGXuIXa«at 

GXyIXaGXyLy«PhaLauAapSarAXaGXyLyaPhacXyLy«AlaPh«VaXCXyGluIX«H«t 

GXyHaGXyLy«PhaL«ull«tSarAXaGXyLy«Ph««Xyty«AlaPhaVaXCXyGluIia«at 

GXyIXa«XyLy«PhaLauTyrSarAlaGXyLy«Ph«OXyty«AX«Ph«VaXCXyCluIXaMat 

GXyIlaGlyLy«Ph«l 4 auAl«S«rAXaCXyl.y«Ph««XyLy«AlaPh«VaXCXyCluIX«llat 

GXyIXaGXyLy«PhaL.uHX«AXaAlaCXyLyaPI»««XyLyaAlaPti«V«XCXyOXuXlaltot 

GXyIXaCXyLy«PhaL«uMiaGXuAXaGXyLy«Ph««Xyty«AlaPh«VaXOXyCluIlall«t 

GXyIX«GXyLy«PhaL«uMl«ThrAXa«Xyty«Ph«GXyty«AlaPli«VaXCXyCXuIl«llat 

GXyIXa«XyLy«Ph«L«uHlallatAXaGXytyaPto«<SXyLyaJaa«i«Val0XyOluXlaM«t 

GXyIXaGXyLy«Phal«uHl«TyrAXaGlyLy«Ph««XyLy«AlaPh«VaXCXyClullaMat 

GXylIaCXyLy«PhaLauHl«Ly»AXaGXyLyaPh«GXyLy«AXaPli«valcXyGluHallat 
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GlyIl«GlyLy«Ph«L*uHi«ArgAlaGlyLy»Ph«GlyLy«AlaPh«VaXClyGluil«M«t 

GlyIl%GlyLy«Ph«L*uHi«A«pAlaGlyLyaPh*ClyLymAIaPh«V«iGXyCluil«M«t 

GlyIl«GlyLy«Ph*L*uHi«TrpAlaGlyLy»Ph«GlyLy«AlaPh«ValGlyGluIl«K«t 

GlyIl«GlyLy«Ph«L*uLy«AlaAiaGiyLy«PhaGlyLyaAlaPh«ValGlyGlull«M«t 

<3XyIXaGXyLyaPhaI*uLysCXuAXaGXyLyaPhaGXyLyaAXaPh«VaXGXyGXulXaMat 

GlyIl«<;iyLyaPh«L«uLy«ThrAlaGlyLy«PhaGlyLyaAlaPh«ValGlyGlmiaM«t 

Glyll«GlyLy»Ph«LauLy«TrpAlaGlyLysPh«GlyLy«AlaPh«ValGlyGluIl«Kat 

GXylXaGXyLyaPhaLauLyaMatAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaMat 

GXyIXaGXyLysPhaI*uArgAXaAXaGXyLyaPhaGXyLy«AXaPh«VaXGXyGXuXXaMat 

GXylXaGXyLysPheLeuArgGXuAXaGXyLysPhaGXyLysAXaPhaVaXGXyGXuIXeMat 

GXylXaGXyLysPhal^uArgThrAXaGXyLyaPhaGXyLysAXaPhaVaXCXyGXuIXeMat 

GXylXaGXyLyaPhaLauArgTrpAXaGXyLysPhaGXyLyaAXaPhaVaXGXyGXuIXeMat 

GXylXaGXyLysPhalAuArgMetAXaGXyLysPhaGXyLyaAXaPhaVaXGXyGXuIXaMat 

GlyllaGlyLysPhaLauPhaAlaAlaGlyLysPhaGlyLysAlaPh«ValClyGluIl«M«t 

GlyllaGlyLy«PhaLauPhaGluAlaGlyLy»Ph«GlyLy«AlaPhaValGlyGluIlaMat 

GlyllaGlyLysPhaLeuPhaThrAlaGlyLysPh«GlyLy«AlaPh#ValGlyGluIl«llat 

GlylleGlyLyaPh«LauPhaTrpAlaGlyLy«Ph«GlyLyaAlaPh«ValGlyGluIl«K«t 

CXyIXaGXyLysPhat*uPhaMatAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaKat 

GXylXaGXyLysPhaLauGXuAXaAXaGXyLysPhaGXyLyaAXaPhaVaXGXyGXulXaMat 

GXylXaGXyLysPhaLauGXuGXuAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaKat 

GXylXaGXyLyaPhaLauGXuThrAXaGXyLysPhaGXyLyaAXaPhaVaXGXyGXuIXaMat 

GXyIXaGXytysPh«LauGXuTrpAXaGXyLysPhaGXyLysAXaPhaVaXGXyGXuIlaM«^ 

GXylXaGXyLysPh«LauGXuM«tAXaGXyLysPhaGXytyaAXaPh«VaXGXyGXuIX«K«t 

GlyllaClyLyaPhaLauKatAlaAXaGXyLyaPhaGXyLyaAXaPhaValGlyGluIXaKat 

GXylXaGXyLyaPhaLauMatGXuAXaGXyLysPheGXyLyaAlaPhaVaXGXyGXuIloMot 

GXyZXaGXyLysPh«LauM«tThrAXaGXyLysPhaGXyLyBAXaPh«VaXGXyGXuXXaM«t 

GXyXXaClyLysPhaLauM«tTrpAXaGXyLy«PhaGXyLyaAXaPhaVaXGXyGXuIXal(«t 

GXyXXaClyLysPhaLaulC«tKatAlaGXyLy«Ph«GXyLy«AXaPhaVaXGXyGXuZXaltot 

GXyllaGXyLyaPhal^uGXnAlaAlaGXyLyaPhaGXyLyaAXaPhaValGXyCXuIXaMat 

GXyllaGXyLyaPhaLauGXnGXuAlaGlyLyaPhaGXyLyaAlaPhaVaXGXyGXuIXaKat 

GXylXaGXyLyaPhal^uGXnThrAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaMat 

GXylXaGXyLyaPhaLauGXnTrpAXaGXyLyaPhaGXyLyaAXaPtiaVaXGXyGXuIXaKat 

GlyXXaGXyLyaPhaLauGXnMatAXaGXyLyaPhaGXyLyaAXaPhaValGXyGXuIXaHat 

IX«GXyLyaPhaL«uHia5arAXaGXyLyaPhaGXyLy«AXaPhaVaXGXyGXuIXaKatLya 
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"^lyI*«PhaI*uAxgSarAlaGlyLy.PhaClyLy.AlaPhaValGlyGluIl.H. tt y. 

Il«GlyLy«Ph«U.uLy.S«rAlaGlyI.y«Ph«ClyLy«AIaPh«V«lClyClmi«||. tI , y . 

Il«GlyLy«Ph«U.uPh«sarAIaGlyLy.Ph«GlyLy^a«Ph«V«lGlyGluIl«KatI.y. 

"•GlyLy.PhaLauGiuSarAlaGlyLyaPhaGlyLyaAlaPhaValGlyGlullaltatLy. 

IlaGlyLyaPh«UauAspS«rAlaGlyLyaPh«GlyCyaAlaPhaValGlyGlullaii.tLy« 

Il«GlyLy«PhaLauMatSarAlaGlyLyaPhaGlyLy.AlaPh«v.iciyGluIlaMatLy. 

H«Glyr.ysPhaLauTyrS«rAlaGlyLy»Ph«GlyLy»AlaPhaValClyCluIlaMatLy« 

riaGlyLysPhaUauAlaSarAlaGlyLyaPhaGlyLy«AlaPh«ValClyGluIlaKatLya 

IleGlyLyaPheLauHisAlaAlaGlyLysPhaGlyLyaAlaPhaValGlyCluIlaMatLys 

IleGlyLysPhaLauHiaGluAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluIlaMatLy. 

^•GlyLysPheLauHisThrAlaGlyLysPhaGlyLysAlaPhaValGlyGluIlaMatLy. 

IleGlyLysPhaUauHisMetAlaGlyLysPhaGlyLysAlaPhaValGlyGluIlaMatLya 

Il«GlyLysPhaUauHisTyrAlaGlyLysPhaGlyLy»AlaPhaValClyGluIlaMatI.ya 

HeGlyLysPhaLauHiaLyaAlaGlyLyaPhaGlyLy.AlaPhaValGlyGluHalfatI.ya 

IlaGlyLysPhaLauHisArgAlaClyLyaPhaGlyLyaAlaPhaValGlyGluIlallatLya 

IlaGlyLyaPhaLauHiaAapAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluIlaMatLya 

IlaGlyLyaPhaLauHiaTrpAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluIlaMatLya 

IleGlyLyaPhaLauLysAlaAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluIlallatLya 

IlaGlyLysPhaLauLysGluAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluIlaMatLya 

IlaGlyLyaPhaLauLysThrAlaGlyLyaPhaGiyLyaAlaPhaValGlyCluIlaltatLya 

IlaGlyLyaPhaLauLysTrpAlaGlyLyaPhaGlyLysAlaPhaValGlyGluXlallatLya 

IlaGlyLyaPhaLauLyaMatAlaGlyLyaPhaClyLysAlaPhaValGlyGlmiaKatLya 

IlaGlyLyaPhatauArgAlaAlaGlyLyaPhaGlyLyaAlaPHaValClyGluIlallatlya 

IlaGlyLyaPhaLauArgCluAlaGlyLyaPhaClyLyaAlaPhavalGlyCluIlallatLya 

UaGlyLy.PhaLauArgThrAlaGlyLyaPhaGlyLyeAlaPhaValGiycluIlaKatLya 

IlaClyLyaPhal^uArqTrpAlaGlyLyaPhaClyLyaAlaPhaValGlyGluIlallatLya 

IlaGlyLyaPhaLauArgllatAlaClyLyaPhaClyLyBAlaPtoaValClyGluIlaltotLya 

IlaGlyLyaPhaLauPfcaAlaAlaClyLyaPhaClyLyaAlaPhaValClyGluIlaltotLya 

HaGlyLy«PhaL«uPhaCluAlaGlyLyaP!»aClyLyaAlaPhaValGlyGluXlallatLya 

IlaGlyLyaPhaLauPhaThrAlaGlyLyaPhaGlyLyaAlaPhaValClyClullallatLya 

IlaGlyLysPhaLauPhaTrpAlaGlyLyaPhaGlyLyaAlaPhaValGlyCluIlaMatLya 

HaGlyLy»Ph«L«uPhaKatAlaGlyLyaPhaClyLy«AlaPhaValGlyClullallatLyB 

XlaClyLy»phaLauGluAlaAlaClyLy«Pha«lyLyaAlaPhaValClyCluIlallatLy« 

H*clyLyaPhaLauGluGluAlaGlyLyaPhaGlyLyaAlaPhaValGlyClullallatLye 



37 



EP 0 472 987 A1 



Il«ClyLy«Ph«L«ucmThrAlaclyLy.Ph«ClyLy«Al«Ph«v.loiy01uli«if«tt,y» 

Il«ClyLy.Ph«L.uGluTrpAlaGlyLysPh«GlyLy^ 1 aPh«V«lGlyClull«i(.tLy« 

Il«GlyLy«Ph«L.uCluM«tAla01yLy«Ph«ClyLysAlaPh«ValGlyClull«i f# tI.y« 

ri«GlyLy.Ph«L.uu«tJaaAlaGlyLy.Pha<IlyLy«AIaPh«ValGlyCluIl«ic«t£,y. 

Il«GlyLysPh«u.uMatGluAlaGlyLy«PhaGlyLysAlaPh«ValGlyGluIlaH«tt.ys 

Il«GlyLy8Ph«l*uMatThrAlaGlyLy8PhaGlyLy,AlaPh«V«lGlyGluHaii«tt.ys 

Il«GlyLy.Ph«LauMatTrpAlaGlyLy«Ph«GiyLy«AlaPh«ValGlyGlulXaiiatLy« 

Il«GlyLy«PhaL«uMatKatAlaGlyLy8PhaGlyLy«AlaPh«ValGlyGluHaM«tty8 

Il8GlyLy8Ph8L8uGXnAlaAlaGlyLy8Ph8GlyLy8AlaPh8ValGlyGluIl8K8tLy8 

Il8GlyLy8Ph8L8uGlnGluAlaGlyLy8Ph8GlyLy»AlaPh8ValGlyGluIl8M«tLy8 

HeGlyLysPh8LeuGInThrAlaGlyLyaPh8GlyLyaAlaPh8ValGlyGluIl8M8tLy8 

Il«GlyLysPh8LauGXnTrpAlaGlyLy8Ph8GlyLy8AlaPhaValGlyGluH«M8tLya 

riaGlyLy8PhaLauGlnM8tAlaGlyLy8Ph«GlyLy8AXaPh8ValGiyCXuIlaM8tLy8 

M«tGlyU«GlyLyaPh.UauHi8S8rAlaGlyLy8Ph8GlyLy8AlaPh8ValGlyGluIlaH8tr,ysS8r 

M«tGiyIlaGlyLy8Ph«LauAr g S8rAlaGlyLy8Ph8Glyty8AlaPh«ValGlyGluIlaMetLysSar 

M8tGXyIl8GlyLy8Ph«lVeuI < y8S8rAlaGlyLy8Ph8Clyty8Al«Ph8ValGlyGluriaM«tLy8Sar 

MatGlyIlaGlyLy8Ph8L8uPhaS8rAlaGlyLy8PhaGlyLy8AlaPh«ValCXyGlull««atLysSar 

M8tGXyrXaGXyLy8PhaLeuGXuS«rAXaGXyLy8Ph8GXyLy8AX8Ph«VaXGXyCXuIl8M8tI,y8Sar 

MatGXyIX8GXyLy8Ph8UauA8pSarAXaGXyLyaPhaGXyLy8AXaPh«VaXGXyGXulX«M8tLy8S*r 

M8tGXyIX8CXyI.y8Ph8L8uM8tS8rAXaGXyLy8Ph8GXyLy^XaPh8VaXGXyGX«IX«M8tLy8S8r 

M8tGXyIX8GXyLy8Ph«L8uTyrS8rAXaGXyLy8Ph8GXyLy8AXaPh«VaXGXyGXuIl«*t«tLy8S«r 

M8tGXyIXaGXyLy8Ph«l*uAXaS8rAXaGXyty8Ph8GXyty8AXaPh8VaXGXyGXuIl«M8tLy8Sar 

M8tGXylX8GlyLyBPh8l^uHi8AXaAXaGXyLy8PhaGXyty«AlaPh8VaXCXyCXuXlaM8tLy8Sar 

MatGXyIX.GlyLy8Ph8fc8UHi8GXuAXaGXyty8Ph8CXyty8iUaPh8VaXGXyGXuIlall«tLy8Sar 

MotGXyIXaGlyLy8Ph8U8uHi8ThrAXaGXyLy8Ph8GXyLy8AXaPh8VaXCXy«XuH«M«tLy8S«r 

M8tGXyIX8ClyLy8Ph8t*uAr 9 GXuAXaCXyLy8Ph«GXyLy8AXaPh«VaXGlyOIuIl8ll«tLy8S«r 

M8tCXyH8GlyLy8Ph8t^ul,y8GXuAiaGXyLy8Ph8GXyLy8JaaPh8V«XGly01uIl«M«.tty8S8r 

M«tll««XyLy«Ph8XV8uHi8S8rAlaGXyI.y8Ph8«lyLy8AlaP!i«VaXGlyClull8ila)tLy8S8r 

M8tH«GlyLy8Ph«L8uArgS«rAlaGXyl.yaPh8ClyLy8AXaPh«ValGXy«luIl8Jtott.y8S8r 

M«tIX8CXyLy8Ph8l.8uI.y8S«rAlaOXyty8Ph8GlyLy8AXaPl»«V«lClyClttH8JC«tI.y8Sar 

M«tIX8CXyLy8Ph«I>uPI»8S8rAlaGlytyaPh8GlyLy8Al««»«v«lGlyOXuXl8ltotty8S8r 

M8tIX«GXyLy8Ph8l«uGluS8rAlaClyl,y8Ph8Glyty8AlaPh«V«lGly01uIl8iC««,y8a8r 

K8tHa«XyLy8Ph8L8uA«pS8rAlaCXyty8Ph8Glyl,y8AXaPh«V«lGly01uXl«lttitty8S8r 

M8tIX«GXyLy«Ph8t8uM8tS8rAXaGXyLy«Pli«CXyty8AXaPh«VaX0Xy«XuIX«IC«tLy8S«r 
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"•" l ^-^«ms.rAX.Cl yt ^^ 

"•» 1 ~^-^«Hi.AiaAx.cx y ^ 

"•"^^^.-UHX^AX.^ 
""^"^^•^S.rAXaCX^.P^ 

M.t GlyI ^ lyLyaPh ^ uLyaS#rAlaclyLysph ^ iaty ^ iaphaVaici ^ uii ^^ 
M.t Gly t le c lyLy , Ph .^ uPh . s .^ 

M.tC iyIi .C lyLy9Ph .^ uCluS . rAlaClyLyaph ^ laLyaAiaFh#VaiGiw 
H. t GX y iX«OX y L y . Ph . l ^ 1 . s . rAlaClyLy ,^^ 

"•"^^•l^S.rAX.CXy^ 
"•"^^•^UX^rAl.CXyLy.^^^ 

"•"^^•^^.rAiaciyLy.^^^ 

"•'"^^•I-uCluS.rAX.aXyLy.^^ 

"•" 1 ~Wy.p*.t-uA.p^ r M.ciyiy. Ph . A ^ 

M.tXX^XyLy.Ph.^uM.tS.rAl.« 1 yty.Pn^l.Ly^l.p h# v.l< 8 iy 6IuI i«. tl ,y. s#r 
"•'"^^•t-UTyrS.rAlaOXyLy.^^ 

"•" i ~W-^.t-uHi.AI.Ala«lyLy.P h ^ 
"•» l ~^/-«"t-uHi.AlaAl.ClyLy.p^ 

M.tX l ^lyLy.«*.X-uHl^luAl.«lyLy.P h ^. ty ^. Fh . v . 161y61ttll-tottysSar 
M.tXX^ly t y,Ph.^uHi.ThrAl.GlyLy.Ph^.Ly^.p h .v. 10IyClttI1-| , tw r 
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M«tIl«GlyLy«Ph«L»uI.y.cluAlaGlyLy«Ph«Al«Ly«Al»Ph«V«lciy«lun 4 »|.ttyiS«r 

GlyIl«GlyLy«Ph«L«uHi.S«rAl«GlyLy.Ph«Al«Ly«Al.Ph«V«lciy<;iull,ic«tty.S«r 

GlyH«ClyLy«Ph«L.uArqS«rAlaGlyLy«Ph«Al«Ly«AlaPh«ValGlyGluIl«H«tLy«S«r 

GlyIl«ciyLy«Ph«L«uLy«S«rAlaGlyLysPh«AlaLy«Al«Ph«V«lGlyGluXl«Katty«S«r 

GlyH«GlyLy.Ph«l*uPhaS«rAlaGXyr.y.Ph«Alaty«AlaPh«ValGlyGluHaM«tLyaSar 

GlyIl«GlyLysPh«L«uCluS«rAlaGlytyaPh«Alaty«AlaPhaValGlyGimiaM«tty«S«r 

GlyIlaGlyLysPh«L«uAapS«rAlaGlyLy«Ph«AlaLy.AlaPh«ValGlyGluIlallatLy.S«r 

GlyrieGlyLy«Ph«L«uM«tS«rAlaGlyLysPhaAaatyaAlaPh«ValGlyGluH«MatLy«S«r 

GlyrieGlyLysPh«L«uTyrS«rAlaGlyLy«Ph«AlaLysAlaPhaValGlyGluIl«ll«tLy»S«r 

GlyIleGlyLysPh«L«uAlaS«rAlaGlyLy9Ph«AlaLysAlaPh«ValGlyGluIleMatLyaSar 

GlyHaciyLy«PhaL«u«iaAlaAlaGlyLysPhaAlaLy«AlaPhaValGlyGluIlaM«tLy8S«r 

GlyIlaGlyLy8Ph«LauHisGluAlaGlyLyaPh«AlaLy«AlaPh«ValGlyGluH«MatLy«S«r 

GlyneGlyLyaPhaLauHiaThrAlaGXyLyaPhaAlaLysAlaPhaValGlyCluIlaMatLyaSar 

GlyIlaGlyLyaPhaLauAsnGluAlaGlyLy8PhaAlaLy«AlaPhaValGly«lull«M«tty«S«r 

GlyHaGlyLyaPhal^uLyaGluAlaGlyLyaPhaAiaLyaAlaPhaValGlyGluIlaMatLyaSar 

IlaGlyLyaPhaLauHiaSarAlaGlyLyaPhaAlaLyaAlaPhaValGlyGluIlaMatLyaSar 

U«GlyLyaPhaL«uArgSarAlaGlyLyaPhaAlal,yaAlaPh«ValGlyGlullaMatLy«s«r 

Il«GlyLysPh«L«uLy5S«rAlaGlyLyaPhaAlat,y«AlaPh«ValGlyGluHalfatLyaS«r 

IleGlyLyaPhaLauPhaSarAlaGlyLyaPhaAlaLyaAIaPhaValGlyGluIlaMatLyaSar 

Il«ClyLy«PhaLauGluS«rAlaGlyLyaPh«AlaLy«AlaPh«ValGlyGluIlaMatLyaSar 

U«GlyLy«PhaLauA«pSarAlaGlyLyaPhaAlaty«AlaPhaValGly«luIl«l!attyaSar 

IlaGlyLyaPhat«uM«tSarAlaGlyLyaPhaAlaLyaAlaPhaValGlyGluIlaMatI.yaSar 

HaGlyLyaPhatauTyrSarAlaGlyLyaPhaAlaLyaAlaPhaValGlyGluIlaKatLyaSar 

U«GlyLy«Ph«L«uAlaS«rAlaGlyLy«PhaAlaLy«AlaPhaVaiaiy«lullaMftLy»S«r 

UaGlyLyaPh«LauHiaAlaAlaGlyLyaPhaAlaLy8AlaPh«ValGlyGluIleltetI.yaScr 

HaGlyLy«Ph«LauHi«AlaAlaGlyLyaPh«Ilal.y«AlaPh«ValGlyCluXl«llatLy«Sar 

H««lyLysPh«LauHlaGluAIaGlyLyaPh«AlaLyaAlapn*ValGlyGluZl«M«tLyaS«r 

UaGlyLy«PhaLauHi«ThrAlaGlyLyaPhaAlaI.y«AaaPh«ValGXy«luIlaltotLyaS«r 

IlaGlyLy«Ph«L«uA«nGluAlaGlyLy»PhaAlaty«AlaPhaV«lGlyciuIl«JtotI,y«S«r 

UaGlyLysPh«t«uLyaGluAlaGlyLysPh«AlaLyaAlaPh«V«lGly«luZl«ltotLyaS«r 

GlyZlaGlyLy*Ph«L«uHiaS«rAlaLyaLyaPh«GlyLyaAlaPli«ValGlyGluZlaN«tI.y«S«r 

GlyXlaGlyLy«Pii«LauHiaSarAlaI.ysLysPh«Il«I.y«AlaPhaValGlyGluZlaltotLyaSar 

GlyIl«GlyLy«Ph«La>uAr9S«rAlaLysLyaPh«GlyLyaAlaPh«ValGly«lttZlaltotLya8ar 

GlyZlaGlyLy*Ph«LauLyaS«rAlaLyaLyaPh«ciyLy«AlaPh«ValGlyGluZlaltetZ,y*S«r 
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GlyIl#GlyLy.W».L. u « 1 ^. rAlaLy . I . y .p h#< ; lyLyBAiaph<Val< . lyt . luI1<||<tty ^ r 

GlyH«slyLy«Ph«L.uGluS«rAlaLy.Ly.Ph«Clyty^i.p h .v«lciyGlull«n.tty«S«r 

GlyIl^SXyLy.Ph«l*uA«pS«rAlaLy.Ly.Ph««lyLy«Al«Ph«v«iGly<;iuIl«,tty.S«r 

Glyll.ciyLy.Ph.u.uM.ts.rAlaLy.Ly.Ph.GlyLy^laPh.ValGIyGlull.Ji.tLy^.r 

GlyIlaClyLy«Ph«l^uTyrS«rAlaLy.Ly.Ph«GlyLy^laPh«ValGlyGluIlaif«tLy«S«r 

GlyIl^;iyty«PhaLauAlaS«rAl.Ly. I .y«Ph«C l yty^aaPhaValGlyGluH««tty.S«r 

Glyll«<siyLy«Ph«C.u«i»AlaAlaLy«Ly.Ph«CXyLy«AlaPhaValGlyGluHaMatLy.s«r 

GlyIla<JiyLy«PhaOauHi«GluAlaLy.Ly«Ph«GlyLy«AlaPhaValGlyGluIl«M«tLyas«r 

GXyIl < ciyi ( y«Ph«OauHi«ThrAlaLy.Ly«Ph«Glyty«Ala«i«ValGlyciuIlali.tLy«s«r 

Glyll«oiyLy«Ph«L«uHisM«tAlaLy8LysPh«GlyLy«AlaPhaValGlyGlun«.tLysSar 

GlyllaciyLyaPhaLauHiaTyrAlaLy«Ly«Ph«Glyty«AlaPn«valClyGIuIlaM«tLysS«r 

GlyllaGiyLy«Ph«LauHiaLy«AXaLy»Ly«Ph«CXyLy«AlaPh«ValGlyGluZlaM«tLy»Sar 

GXylXaGXyLyaPh«LauHiaArgAXaLy«Ly«Ph«GXyty«AXaPh«VaXGXyCXuIX«M«tLysS«r 

GXyH«<;XyLy«Ph«uauHiaAs P AXaLy«LyaPh««XyLy«AXaPh«VaXGXyCXulXall«tLy.S«r 

GXyIXaGXyLy«Ph«LauHi«TrpAXaLy«r J y«Ph«GXyLy«AXaPti«VaXGXyCXuIXaM«tLyaSar 

GXyIX«CXyLy«l>h«L«ut,y«AXaAXaLy«Ly«Ph«GXyLy«AlaPh«VaXGXy<SXutXall«tl.y«S«r 

GXyrXeGXyty«Ph«LauI.y»GXuAXaI.y«Ly«Ph«GXyLy«AXaPli«V«XGXyGXulXaK«tLyaS«r 

GXyIXaGXyLy«Ph«LauLyaThrAXaLyaty«Ph«GXyLy«AXaPfc«VaXGXyGXuIXaM«tLy»Sar 

GXylX«GXyLy«Ph«L«uLy«TrpAXaLy«Ly«Ph.GXyLy«AXaPhaVaXGXy«XuXXaH«tLyaSar 

GXyIX«GXyLy«Ph«tVam.y«M«tAXaLy«Ly«Ph««XytyaAXaPhaVaXGXyGXuIl«iiatLy«S«r 

GXylXaGXyLy«Ph«LauAr9AXaAXaLy«Ly«Ph«OXyty«Al«Ph«VaXCXyCXuIXalCatLy«Sar 

GXyIX«GXyLy«PhaL«uArgCXuAXaLy«Ly«Ph«<SXyt.yaAlaH»«VaXGXy«XulXall«tLy«Sar 

GXylX«CXyty«P1iaI^uArqThrAXat.y«ty«PhacXyLy«AX«Ph«v«lcXy«XuIXallatt,yaSar 

GXylXaGXyty«Phat*uAr9TrpAlaLy«Ly«Ph««lyLy«AX«PhaVaXCXyGXuIlaltott,y8Sar 

GXyIXaOXyty«Wiat*uArg«atAlaLyaLy«Pha«XyLyaAa«Ph«VaXGXyGXuIl«iiatLy«sar 

IXaCXyLya«»«I*uHiaSarAlaLy«X.y«PhaCXyI.y«AlaPto«VaXCXyeXuIXaJlatLy««ar 

IX«OXyty«Pt»«I*uAr^«rAlaLy«Ly«Ph«CXyLy«AlaPli«v«X01yOXuXX«ll««Ly«s«r 

IXaOXyty»Fh«XVautyrtarAlaly«ty«P*««XyLy«iaaPh«V«lcXy«XuIl«ltotLy«««r 

Il«GlyLyaPhaLauPhaSarAlaLy»Ly»Pti«CiyLyaAlapn«ValGXy«XuIIalCatLy»3ar 

IX««XyLyaP»i«i*uGXuS«rAlaI.y«Ly«Ph«GlytyaAlaPh«ValOXyCXuXX«ltotLyrt«r 

ZX«OXyLy«Ph«LauAspS«rAl«X.y«LysPh««XyLyaAXaPtMValGlyOXuXlaM«ex.ysS«r 

IX«GXyLy»PhaLauHi«AXaAlaLyal.y«ph«GXyLy«AlaPhaValCXyCXuIlaJl«tI.y^ar 

IXaGXyLy«Ph«t«uMi«AlaAlaLy«Ly«Pft*xxaLy«AXaPli«ValciyCXuIlaltotr,y«a«r 

I laCXyLyaPhaLauHiaCXuAlaLyaLyaPhaCXyLyaAXaPh VaXGlyGXuXXaJtetLysSar 
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11-ClyLy.Ph.t-uHi.ThrAiaLy.Ly.Ph.Clyty^l.ph.v.KsiyduIl^i.tLy.ST 
Il.Clyty.Ph.L.uAr^cluAlaLy.i.y.Ph.Clyty^a.Ph.valciyCluIl^tty.s.r 

IleGlyty.Ph, L .u I( y«lluAlaLy.ty.Ph«C 1 yty^l.p h .v«lciyGlull -ta tLy.aT 

Glyll«siy L y.PhaI*uHi.SarAlaLy.Ly.Ph«<:iyLy^aaPhaVal<;iy C iuii«,t 

Glyll«ClyLy.Ph«LauArgSarAlaLy«Ly.Ph«<;iyLy.AlaPh«ValGlyGluIlallat 

GXyHeClyLy.Ph.u.uI.y«SarAlaLy«Ly.PhaClyty^UaPhaValGlyGluH«Mat 

GlyIlaGiyLyaPh«U.uPhaSarAlaLy«Ly«PhaGlyty^laPh«ValGlyciuIlaliat 

Glylx.GlyLy«Ph«L.uGluSarAlaI.y8Ly«PhaGlyLyaAlaPh«ValGlyGluII«Kat 

Glyll,GlyLysPh«LauAspSarAlal.y.Ly8Ph«ClyLysAlaPhaValClyCluHaMat 

GlyH.GlyLy.PhaLauM«tSarAlaLyaLyaPhaGlyLy«AlaPh«VaXGlyciuIlaKat 

GlylleGlyLysPh.L.uTyrs«rAlat,ysLysPh«GlyLy«AlaPh«ValGlyGluIlaM«t 

GlyH«GlyLysPheLauAlasarAlaLy a LysPhaGlyLy«AlaPhaValGlyGluHaM«t 

GlylleGlyLysPhaI^uHisAlaAlaLysLyaPhaGlyLy«AlaPh«VaiGlyGluHaMat 

Glyri«GlyLy«PhaL.uHisGluAlaLyaLyaPh««lyLy«AlaPhaValGlyGluH«Mat 

ClyIlaGlyLy.Ph.LauHisThrAlaLy.Ly.PhaGlyLy^laPh.ValGlyGlull^lat 

GiyllaGlyLy.PhaLauHl.M.tAlaLyaLy.Ph^SlyLy.AlaPh.ValGlyGluIlrtC.t 

GlyilaGlyLy.Ph.LauHi.TyrAlaLy.Ly.Ph^slyLy^laPh.valGlycluIl^fat 

GlyllaGlyLy.Ph.LauHi»Ly.AlaLy.Ly.Ph^HyLyftAl«Ph.ValGlyGluIl«at 

GIyil«5lyLy.Ph.LaviHi^rgAlaLy.Ly.PhaGlyLy.AlaPh.ValGlyGluIl«at 

GlylXaGlyLyaPhaLauKiaAapAlaLy.Ly.PhaGlyLyaAXaPh.VaXGXyGXuIXaKat 

Glyll.GlyLy.Ph.LauHi.TrpAlaLysLy«PhaGlyLyaAlaPh.ValGlyGluIlaMat 

GlyllaGlyLy.Ph.L«uLy^laAlaLy.Ly.Ph*!lyLyWMaPh.ValGlyCluIlallat 

Glyll^lyLy.Ph.tVauLy^luAlaLy.Ly«PhaGlyLy^aaPh.ValGlyGluIlall.t 

GlyIlaGlyLy.Ph.LauLy.ThrAlaLy.Ly.Ph«51yLy^a.Ph.ValGly01uIl«.t 

GlyziaGlyLysPheLauLyaTrpAlaLyBLy.Ph«siyLy^a.Ph.valGlyGlullrtl.t 

GlyllaGlyLy.Ph.L.ul.yrt.tAlaLy.Ly.PhaClyLy^aaPhaValGly01ullaM.t 

GlyIl^SlyLy.PhaL.uAr9AlaAi.aI.y.Ly.Ph^siyLy«aaPh.ValGly01uXlall.t 

Glylla01yLy.PliaL.uArgGluAlaLy.Ly«Ph^SlyLy^aaBto.valclyGluIlaK.t 

GlyIlaGlyLy.Ph.L«uArgThrAlaLy.Ly.Ph.GlyLy^aaPh.ValGly«luXlall.t 

GlyIlaGlyLy.Phal*uArorPrpAl«l.y.Ly.ph*;iyLy^aaPh.v«lGly«lutXall.t 

GlyIX«sXyLy.PhaL«uArgll.tAXaLy.Ly.Ph*;XyLy^UaPh.VaX«ly«XuIXaM.t 

MatCXytX*SXyLy.Ph.L.uHi«S.rAXaLy.Ly.Ph«SXyLy^aHi.ValGXy«XuIXall.tl.y^.r 

MatGXylX«SXyLy.PhaL.uAx9SarAlaLy.Ly.Pha«XyLyrtX«pi».v«X0XyCXuXXall.«.y^.r 

K«tGXyIXa«XyLy.Ph.l*uLy.sarAXaLy.Ly.PhaCXyLy.AlaPh.ValGXyOXuIXalt tLyaSar 
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M«tClyIl # clyLy.Ph«L.uPh«S«rAlaLy.ty.«i«CIyLy^U«Ph«ValClyCluIi««tLy^,r 

K«tClyIl«GlyLy.Ph«L«uGluS«rAl«Ly.Ly.Ph«ClyLy^l«Ph,ValClyCluIl«ltott.y.S«r 

MetGlyll«ciyty.Ph«U«uA.pS«rAlaLy«Ly«Pli«GlyLy«AlaPh«V«lGlyCluIl«M«tI.y.S«r 

M«tGlyIl«JlyLy«Ph«L.«|i.tSarAIaLy.Ly.Ph«GlyLy«AlaPh«ValGlyCluIl«l««tLy.ST 

MatGlyliaGlyty»Ph«LauTyrSarAlaLyaLy.Pha<SlyLy«AlaPh«ValGlyclullaMatLy.Sar 

MatGlyH*;iyty.Ph«L.uAlaS«rAlaLyaLy«Ph«ClyLy.AlaPh«ValGlyGluIlaM«tLy«S«r 

H«tGXyIleGlyLy.Ph«UauHiaAlaAlaLy«Ly.Ph«GlyLy«AlaPh«ValClyCluIlaKatLy«Sar 

M«tGlyri^:i y LysPh«LauHi«GluAl«Ly.Ly.Ph«clyLy.AlaPh«ValGlyGiuXlaM«tLy3S«r 

MatcXyllaciyLy.PhaL«uHisThrAlaLyaLy«Ph«ClyLy«AlaPh«ValGlyGXuIlaMatL y 3Ser 

H«tGXylX«GXyLysPhaL«uAr<^XuAXaLyaLy«Ph«GXyLy«AXaPhaVaXCXyCXuIXaMatLysSar 

MatGlyIXaGlyLyaPhaL«uLy«GluAlaLy8Ly«PhaGlyLy«AlaPh«ValGlyGluXlai»atLysSar 

MatIl«GlyLysPhaL«uHi9S«rAlaLy8LysPhaGlyt.yaAlaPhaValGlyGluIlaM«ttysSar 

MatllaGlyLyaPhaLauArgSarAlaLyaLysPhaClyLyaAlaPnaValGlycIunaHatLyaSar 

MatIl«GlyLyaPhal>auLy»SarAlat.y«LyaPhaGlyLy«AlaPh«ValGlyGluIlaiiattyaSar 

M«tIleGXyLyaPh«LeuPheS«rAlaLysLysPh«GXyLy«AlaPh«valGlyClull«M«tLy3Sar 

MatIlaGXyLysPhaLauGluSarAlaLy«LyaPh«GlyLy«AiaPhaValGlyGluIl«ltatl.ysS«r T 

MatIXaGXyLyaPhaLauAapSarAXaLyaI,yaPhaGXyLyaAXaPh«VaXGXyGXulXallatt.ysSar 

MatlX«GXyLyaPh«CauM«tSarAXaLyaLyaPhaCXyLyaAXaPh«VaXGXyGXuIX«MatLy»S«r 

MatlXaGXyLysPhaLauTyrSarAXaLyaLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaMatLyaSar 

MatlXaCXyLyaPhaLauHiaAXaAXaLyaLyaPhaCXyLyaAXaPhaVaXGXyGXuIlallattyaSar "'' 

MatHaGXyLyaPh«LauHlaAXaAIaLyaLy«PhaIX«Ly»AlaPhaVaXGlyCXuHali«tLyaSar ' 

KatIXaCXyLyaPh«LauHiaGXuAlaLyaLy«PhaGXyt.y»AXaPh«VaXClyCluIl«ll«tLyaSar " 

M«tIXaGXyLy«PhaLauHi«ThrAlaI,ysl,yaPh«CXyLy«AlaPh«VaXGXy«lullallatLy«Sar 

M«tIX«GXyLyaPhatauArgGXuAlaLy«Ly«PhaGXyLyaAXaPhaVaXGXyCluIIaK«tLy«Sar 

MatH«<slyLy«PhaL«uLy«CXuAXaLy«ty«Ph«CXyLyaAXaPhaVaXGXyGXuIlallatLy«Sar 

M«tGXyXl«GXyLyaPhaLauMiaSarAXaLy«Ly«PhaAXaLy«AXaPhaVaXGXyGluIXallatty»S«r 

MatGXyXX««XytyaPhaLauArgSarAXaLyaLyaPhaAXaty«AlaPh«VaXGly«XmX«JlatI.y«S«r 

KatGXyIla«XyLy«Ph«l^uLy«SarAXaLy«X,y«Pli«AlaLy«AlaPhaVaXClyCluIXallatI,y«Sar 

KatGXylXaGXytyaPh«I^uPh«SarAXaLy«Ly«l»haAlat,y»jaaPhaValGly«luIXallatLy«Sar 

KatGXyIX«GXyLy«PtoaLauGXuSarAaaLyaLy»Ph«AlaLy«AlaPh«ValCly«luIX«Itotty»S«r 

HatGXyIX«GXyty«Ph«t^uA«pSarAXaLy«Ly«PhaAlaty«AlaPh«ValCly«XuXl«llatty«Sar 

Ma«GlyIX«CXyi,yaPh«l>BuIlatSarAlaLy»Ly»PhaAlaLy«AlaPI»«V«lGlyOXulXaltotLy«S«r 

M«tGXyrXa«XytyaPhaL«uTyrSarAXaCy»Ly«Pl»«AlaLy«jaaPhaV«XGXy01uIX«ltotLy»S r 

K«tGXyrXaCXyLyaPh«I*uAXaSarAXaLyaLy«Ph«AlaI.y«AlaPhaVaXCXyCXuIl«ll«tx,y«S«r 
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M«tClyIl*GlyLy»Ph«L«uHisAlaAi*Ly«Ly«Fh«AlaLy«Al«Ph«ValGlyCluIl«ll«tLy«S 

KatGXyIXaGXyLyaPhaI*uHiaGXuAXaLyaLyaPh«AXaLyaAXaPh VaXGXyGXuXXaKatLyaS 

MatGlyIlaGlyLyaPhaLauHiaThrAiaLyaLy»PhaAXaLyaAiaPhaVaiGlyGluIl««atLy»S 

MatGlyIlaGlyLyaPhaLauArgGluAlaLyaLyaPh#AlaLy«AlaPhaValGlyGlmi«MatLyaS 

MatClyriaGlyLysPhaLauLyaGluAlaLyaLyaPhaAlaLyaAlaPhaValGIyGluIlaMatLyaS 

MatIlaGlyLyaPhaLauHiaSarAlaLy«Ly«PhaAlaLy«AlaPhaValGlyGluIlaKatLysSar 

MetIlaGlyLysPhaL«uArgSerAlaLyaLysPhaAiaLyaAlaPhaVaiGlyGluIIaMatLysSar 

MatlleGlyLyaPhaLauLysSarAXaLysLysPhaAlaLyaAiaPhaValGXyGluIlaMatLyaSar 

MatIX«GlyLyaPhaLauPhaSarAXatyaLysPh«AiaLy«AlaPhaValGlyGluIlaM«tLyaSar 

MetlXeGXyLysPhaLauGXuSerAXaLysLysPhaAXaLyaAXaPhaVaXGXyGXuIXaMatLysSar 

MatlXeGlyLysPheL^uAspSarAXaLyaLysPhaAXaLysAXaPhaVaXGXyGXuIXaMatLyaSar 

MatlXaGXyLyaPhaLauMatSarAXaLysLysPhaAXaLyaAXaPhaVaXGXyGXuIXaMatLyaSar 

MatlXaGlyLyaPhal-auTyrSarAXaLysLyaPhaAXaLysAXaPhaVaXGXyGXuIXaMatLysSar 

MatlXeGlyLyaPhaLauHisAXaAXaLyaLyaPhaAXaLyaAXaPhaVaXGXyGXuIXaKatLyaSar 

MatlXeGXyLysPhaLauHisAXaAXaLyaLyaPhalXatyaAlaPhaVaXGXyGluIXaMatLyaSar 

MatlXaCXyLysPhaLauHisGXuAXaLysLyaPhaAXaLyaAlaPhaVaXGXyGXuXXaMatLysSar 

MatIXaGlyLysPhaL«uHisThrAXaLyaLyaPhaAXaLyaAXaPhaVaXGXyGXuIXa«atLyaSar 

MatlXaGXyLysPhaLauArgGXuAXaLyaLyaPhaAXaLyaAXaPhaVaXGXyGXuIXaMatLyaSar 

MatlXaGXyLyaPhaLeuLyaGXuAXaLyaLyaPhaAXaLyaAXaPhaVaXGXyGXuXXaMatLyaSar 

GXylXaGXyLyaPhaLauHiaSarAXaLyaLyaPhaAXaLyaAXaPhaVaXGXyGXuIXaMattyaSar 

GXylXaGXyLyaPhaLauArgSarAXaLyaLyaPhaAXaLyaAXaPhaVaXGXyGXuXXaMatLyaSar 

GXylXaGXyLyaPhaLauLyaSarAXaLyaLyaPhaAXaLyaAXaPhaVaXGXyGXuIXaMatLyaSar 

GXylXaGXyLysPhaLauPhaSarAXaLyaLyaPhaAXaLysAlaPhaVaXGXyGXuXXaMatLyaSar 

GXyXXaGXyLysPbaLauGXuSarAXaLysLyaPhaAXaLyaAXaPhaVaXGXyCluXXaKatLysaar 

GXylXaGXyLyaPhaL^uAapSarAXatyaLyaPhaAXaLyaAlaPhaValGXyGXuXXallatLyaSar 

GXylXaGXyLysPbaLauMatSarAXaLyaLysPhaAXaLyaAlaPhaVaXGXyGluXXaMatLyaSar 

GXyXXaGXyLyaPhaLauTyrSarAXaLysLysPhaAXaLyaAlaPbaValGXyGXuXXaMatLyaSar 

GlyllaGXyLyaPhaLauAlaSarAXaLyaLyaPhaAXaLyaAXaPhaVaXGXyGXuXXaHatLyaSar 

0XyIXaGXyLyaPhaLauHiaAXaAXaLyaLyaPhaAXaLyaAXaPftaVaXGXyGXuIXaMatLya5ar 

GlylXaGlyLyaPhaLauHiaGXuAXaLyaLyaPhaAXaLyaAXaPtiaVaXGXyOXuIXallatLyaSar 

GXylXaGlyLyaPhaLauHiaThrAXaLyaLyaPhaAXaLyaAXaPhaVaXGXyGXuIXaMatLyaSar 

GXylXaGXyLyaPhaLauArgGXuAXaLyaLyaPhaAXaLyaAXaPhaVaXGXyGXulXaHatLyaSar 

GXyXXaGXytysPhaLauLyaGXuAXaLysLyaPhaAlatyaAlaPbavalGXyGluXlaltetLyaSar 

IlaGXyLyaPhaOauHiaSarAXaLyaLyaPtiaAXaLyaAXaPhaVaXGXyGXuIXaHatLyaSar 
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H«ClyLy«Ph«L«uAr9S«rAlaLy»ty«Ph«Al«Ly.Al««i«V«lciyGlull«ii«tI,y«s«r 

Il«ClyLy«Wi«L«uLy«S«rAlaLy«Ly«Ph«AlaLy«Al«Ph«ValGlyCimx«ic«tI.y«s«r 

Il«clyLy«Ph«L«uPh«S«rAlaLy«Ly«Ph«AlaLy«Al«Ph«v«lciy<;imi«itotl ( y«s # r 

Il«ClyLy«Ph«L«uGXuS«rAlaLy«Ly««i«AlaLy«Al«Ph«V«lclyCluIl«ltotLy«s«r 

IlaClyLy.Ph«LauA«pSarAlaLy«LyaPhaAlaLy«AlaPh«vaiCly<slu:iaitotLy«s«r 

Il«ClyLy«Ph«LaullatSarAlaLy«Ly««»aAlaI.y«AlaPhaValClyCluIl«K«tLy.S«r 

H«ClyLy«Ph«LauTyrS«rAlaLyaty«PhaAlaLy«AlaPh«ValClyCluIlall«tLy«S«r 

H««lyLyaPhaLauHiaAXaAlaLysLyaPh«AlaLy«AlaPh«ValClyCluIl«M«tLysSar 

IlaClyLy«Ph«L«uHi«AlaAlaLy«LyaPhaIlaLy»AlaPhavalClyCXuIlaM«tLy«S«r 

Il«ClyLyaPh«L«uHisCluAlaLyal.y«Ph«AlatyaAlaPh«VaIGlyCluH«Matty«Sar 

Il«GlyLy«PhaLauHisGXuAXaLysLyaPhaAXaLysAXaPhaVaXGXyGXuIXailatl.yaSar 

HeGlyLyaPh«CauArgGluAiaLy«LyaPhaAlaLy«AlaPh«VaXGlyGluIlaKatl.y«s«r 

IlaGXyLyaPhaLauLyaGIuAlaLysLyaPhaAlaLyaAlaPhaValGlyCluIlaKatLyaSar 

GXyIX«GXyLyaPh«LauArgSarAXaI.y«Ly«PhaGXyLy«AXaPhaVaXGXyGXuXXaltatA«nSar 

GXyrx«GXyLy«Ph«LauLy8SarAXaLy«Ly«PhaCXyLyaAXaPh«VaX0XyGXulX«ll«tA«ns«r 

GXytXaGXyLy«Ph«L«uPh«S«rAXaLy«LyaPhaGXyLyaAlaPhaVaXGXyGXuIXall«tA«nS«r 

GXyIX«GXyLy«PhaL«uGXuSarAXaLy8LyaPhaGXytyaAXaPh«VaXGlyGXuIXaMatA«nSar 

GXyIX«GXyLyaPh«L«uAa P SarAXaLyaLy«PhaGXyLyaAXaPh«vaXGXyGXuIX«ICatA«nS«r 

GXylX«GXyLy«Ph«LauM«tS«rAXaLy«Ly.Ph«GXyty«AXaPhaVaXGly6XuIXaJtotA«nSar 

GXylX«GXyLy«Ph«LauTyrSarAXaLy»LyaPh«GXyLy«AXaPhaVaXGXyGXulXallatA«ns«r 

GXyIX«GXyLy«Phar*uHiaGXuAXaLysty»PhacXyty«AXaPhaV«XGXyGXuXX«ltotA«iiS«r. 

GXyiXaGXyLyaPh^lAuHlaThrAXaLyaLyaPhaGXyLyaAXaPhaValGXyGXmxaliatAanSar. 

GXyIXa«XyLy«I*«l*uHialtotAXaLyaI.y«PtoaCXyty«AXaPh«VaXGXy«XuIXaltotAanSar 

GXylX«GXyLy«Ph«LauHi«TyTAlaLyaLy«Ph«GXyty«AXaPhaVaXGXyCXuIlaltotA«nSar 

GXylX«GXyLy»P»i«u«ulIi«Ly«AlaLy«ty«Ph«CXytyaAXaPh«v«lGXyOXuXl«ll«tA«nsar 

GXyXXaCXytyaPhat^uHiaApgAXaLyaLyaPhaGlyLyaAXaPfcaVaXGXyCXuXlallatAsnSar 

GXyXXa«Xyty«P1»«l^uHiaA«pAXaLy«ty«PhaCXytyaAXaPli«VaXCXy«XuXX«llatA«nSar 

GXylXaCXylysPfc^uHlBTrpAXatyaLyaPhaCXytyagaaPhaValGXyCXttXlallatAainS^r 

GXyIXaCXyty«Ph«LauX,yaAlaAlaLy«Ly»Ph«CXyLy«AXa»«V«lcXyGXttXlaltotA«nS«r 

GlylX«GlyLyaPhaL«ul,y«GXuAlaLyaLyaPhaGXyLyaAXaP&aVaXGXyGXttXXall«tAanSar 

GXylX««Xyty»Ph«l^ut.y«ThrAXaLy»ty«PbacXyLyaAXaPha!Va;lGlyCluXlall«tA«nS«r 

GlyIl«GlyLy«PhaLauLyaTrpAXaLyaLyaPh«GXyLyaAXaPti«VaXCXyCXuIXalUtA«iSar 

<Hytl«GXylyaPhaLauLy««atAXaLy8LyaPttaGXyt,y«AXaPhaVaXGXyGXuIXa*totA«nS«r 

GXyXXaCXyLysPh«LauArgAXaAXaLyaLyaPta«Glyl,y«AIaPb«ValGXyGluXl«JI*«AanS«r 
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ClyIl«ClyLy.Ph«0.uArgCluAl.Ly.ty.Pb«!lyty«Xl«p h «v« 1 CiyC l uH«itotJUnS«r 

<HyIl«Clyty«Ph«L.uXrgThrAlaLy«Ly«Ph«clyLy.Al«Ph«V«lGlyGluii - i.tA.ns«r 

GlyH«ClyLy.Ph«u.uArgTrpAlaLy.Ly.Ph«Glyty«Al«Fh«v«lGlyciuIl«ltotJUns«r 

Glyll^lyLy.Ph.L.uArgltotAlaLy.ty.Ph.dyLy^l.Ph.ValClyCluIl.K.tJUrST 

UaClyLy.Ph.u.uArgSarAl.Ly.Ly.Pha<SlyLy«AlaPhaValClyCluIl^tJUnSar 

UaClyLy.Pha^.uLy.SarAlal.y.LyaPhaCXyt.y.AlaPh.ValGlyduiiaM^tAanSar 

IlaGlyLy.PhaL.uPhaSarAlaLy.Ly«Pha<SlyLy«AlaPhaValClyGluIlaM«tAanS«r 

UaGlyLy.PhaU.uGluSarAlaLy8LyaPh«GlyLy«AlaPhaValGXy<SluIl*M«tA«nSar 

HaClyLyaPhaUauAspSarAlal,y»Ly8PhaClyLyaAlaPhaValGlyGluIl«M«tA*nSar 

Il«GlyLy»Phal*uHi»AiaAlaLy»Ly.PhaGlyLy«AlaPh«ValGlyGluHaM«tA*nS«r 

riaGlyLy.PhaLauHisAlaAlaLysLyaPh«Il«Ly«AlaPh«ValGlyGluIl««atA«nSar 

Il«GlyLy«Ph«LauHiaGluAlaLyaLyaPha<SlyLysAlaPh«ValGlyCluIl«llatA«nS«r 

IlaGlyLyaPhauauHiaThrAlaLy.LyaPhaGlyLyaAlaPhaValGlyGluIlallatAanSar 

IlaGlyLyaPhaLauArgGXuAlaLyaLysPhaGlyLyaAlaPhaValGlyCluIlaMatAanSar 

UaGlyLyaPhaUauLy.GluAlaLy«LysPh«<!lyLy«AlaPh«VaiGlyGluIlaii«tAanSar 

MatGlyIlaGlyLyaPhat*uMisSarAiaLy«Ly.PhaClyty^ 1 aPh«Val61yGIuIlaKatAanSar 

MetGlyllaGlyLyaPhaLauArgSarAlaLy«LysPh«GlyLy«AlaPhaValGlyGlullaMatAanSar 

MatGlyHaGlyLysPhaLauLy«S«rAlaLy«Ly.Pha<SlyLy.AlaPh«ValGlyGlullaM«tAanSar 

MatGlyHaGlyty.Phau.uPhaSarAlaLy«Ly«PhaClyLyaAlaPh«ValGlyGluIlaMatAanSar 

MatGlyIlaGlyty.PhaLauGluSarAlaLy«LyaPha«lyLy.AlaPh«ValGlyGluHallatA.nSar 

M.tClyIlaGlyLyaPh«UauA.pS«rAlaLy«LyaPhaClyty«AlaPh«ValGlyGluIlallatAanS«r 

MatGIyHaGlyLy«Ph«l*uMatSarAlaLy«Ly.Ph«<Jlyty«AlaPhaValGlyGluHaJC«tAanSar 

MatGlyllaClyLyaPh«L«uTyr3arAlaLy«tyaPhaClyLy«AlaPhaVal61y«luIlaKatAanSar 

MatGIylla«yLy«Ph«UauAlaSarAlaLy«Ly«Ph«<slyLy«AlaPh«ValClyGluIl«ll«tA«nSar 

MatClylXa«lyLy«Ph«UauHi^iaAlaLy«Ly.PhaClyl.y«AlaPhaValGlyGlullail«tAanSar 

MatGlyIlaClyLy«Pha^uHl«GluAlaLy«Ly«pnaClyty«AlaPhaValGlyGluIl«ll«tA«nS«r 

MatGlyIXaGlyty«Ph«l*uHi«ThrAlaty«Ly.Ph««XyLy«AlaPh«ValGlyCluIlaltotAanS«r 

KatGXyZXa«lyLyaPh«l*uAxgOXuAXaLy«Ly«Pti«cXyty«AXaPhaVaXGXy«lttIX«M«tA«ns«r 

MatGXyrXa«XyLy«Ph«t*uLya«XuAJ.aLy«I.y«Ph«OXyLy«Ala«»«VaXCXy«XuXXall«tAanSar 

HatZXa«Xyty«Ph«x*uHi«aarAXaLy«ty«PhaClyI,y«Ala«»«ValClyOXuIX«II«tA«nsar 

MatIXaCXytyaPhaLauAr9S«rAlaLy«ty«Ph«OXyLy«AaaPh«ValCXyGXuIX«JtotA»nSar 

M«tIX««Xyty»i*ai«ul.yaS«rAXaLy«Ly«Pha«Xyty«AX«PI»«VaXOXy«XttlX«II^A«iiSar 

MatnaGlyLyaPhaLauPhaSarAlaLyaLyaPhaGXyLyaAlaPhaVaXaXyGXuIXalUtAanSar 

M«tIX«CXyLy«Phat«uGXuS«rAXaLy«Ly«Ph««XyLy«AX«Pli«Val«lyoxuXXaitotAana«r 
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M«tIl^lyLy. Ph .^ uT y rt . rAlaLy . Ly .^ lyty ^ a ^ Vaici ^ iuii ^^ ns ^ 
K.tIl.Cly Ly .p h#I- ^ 1 ^ 1 ^ laLy . Lys ^ lytmiaphaV4ici ^ iuii ^^ ns ^ 

M a tU^lyty.Ph^uHi.AlaAlaty.Ly.Ph.H.Ly^l. Ph .va 1 cXy G luil«. tA . nS#r 

M.tIl.clyLy.Ph.UiuHi.cl«Al«Ly.Ly.Ph 4 < !1 yty«Uap h .v.lGly« S1 uIl«.tA.nST 

M«tIl«: l yLy.Ph.U.«Hi.ThrAl.ty.Ly.Ph^lyLy^lap h .v. 1 ciy«luX 1 «. t A.nS.r 

M«tIl.ci y Ly.Ph.u.uAr^l«Al.Ly.Ly.Ph« : iyLy^l.Ph,V«l 0 iyc 1 uIl«. t A.«T 
M.tl 1 ,c 1 yLy.Ph.^uLy.CluAl.Ly.t.y.Ph^lyLy^l.p h .v. 1 ci yC x UIl «. tAanS . r 

M.tClylleGl y Ly,P h .L.uHi.S«Al.Ly.Ly.Ph«Al.I.y.Al.Ph.V. 1 GlyGluI l «. t A.n S .r 
H«t G Iyll^ lyLy ,p h .^ rgS#rAlaLy ^ 

"• t «V"~^/-*h.t-«ty.S.rAXa t y.Ly.P h .AX.^ 

MetGl y il^l yLya p h .^ uPh . SarAlaLy . ty-phaAlaLysAlaph#VaiGi ^ iuii ^ 

M.tGl y i 1 .Gi y Ly.Ph.^uGlu S .rAl.Ly.Ly.Ph^ 1 . I .y^ 1 «p h . ValclyCluIlaKa ^^ #r 
M - tC1 r"^yL/-*h.I-UA.pS.rAX.Ly.Ly.Ph.AXaLy^ 

K«tG ly i 1 ^ lyLys p h .^^ a « #rAlaty . Lysph ^ laty ^ laphavaici ^ iuii ^^^^ 

M«tGl y i 1 .Gl y i <y .P h .^ uTyrS . rXlaLy . Ly . ph ^ iaLyaAlaphaValGiyciuii ^^ 

M,tGl y il^l yLy .p h .^ laS . rAlaLyaLy>phaAlaLyaAlaph#Vaici ^ iuii ^^ 

MetGlyll.Glyl.y.Ph.u.uHi.AlaAi.Lyaty.Ph.Al.Ly.Al.Ph.v.lGlyGXuIl^.tA.ns.r 

M.tGlyll^ 1 yty.Ph.u.uHi^luAlaLy.Ly.Ph^ 1 . I .y^ 1 .Ph.v. 1 ciyGluH«.tA.n S .r 
MatGlyllaGlyCyaPha^u.™,^^^ 

M.tGlyllaciyty.Ph.I-uAr^luAl.Ly.Ly.P ft «Al.Ly^laPh.val6XyGluIl^l.tA.nSar 
"• tCl y«^yMr.Ph.I-Ul*.CXuAXaLy.Ly.^^ 

M«tIlaciyty.Ph«I*uaiW.rAl«Ly. I .y.Ph«Al.ty^a.p» 1 .v.i C iyciuH«. t A.nST 
"•"^Y^^-t-UAr^arAXaLy.Ly.PhaAX.Ly.^ 

Matll^siyLy.Ph.u.ul.yrtarAl.tyaLy.PhaAl.ty^U.Ph.valGlyGXullaH.tA.nSar 
M.tllaClyLy.Ph.l^uPhaaarJaaLy.ty.PhaAaaLy^aPhaV.lGlyCluIXaiiatAanSar 
M«tIl^ 1 yLy.». t- uGXuSarAlaI.y.ty.PhaAl.I,ywa.Ph.Val«lyci u i 1- ,. tJUnS . r 

M.tIX^SlyLy.I*,l*uA.pS«Alaty.ty.Ph^Xaly^XaPhaV.lGlyCluXl«.tA.nS.r 
MatIX^lyLy.Ph.l*uM.tS.rAlaly.Ly.Pli^.Ly«Al.Ph.V.lGi y G luX x^ tAMar 

IXaGXyLy.Phal^uHi^aAlaty«ty.Ph«>l.Ly«AlaPh.v«x«lyGluIlaltotAanSar 
IX««XyLyaPh.t*uHl^aAl.ty.l,y,i*. I i.Ly«a.ph,v«XGly«XuIltftotA.nSar 
K.tHaGXyty.Ph.L.uHl.GXuAl.Ly.ty.Ph.AX.I.y.AXaPh.V.lGXyGluXlaJl.tA.nSar 
KatlX«GXyLy.Ph.UauHiaThrAXaX,y«Ly.Ph^XaLy^aaPhaVaXGXyCXuXla«atA.nSar 
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HatXXaGXyLyaPhaUauArrjGXuAXaLyaLy PhaJUaLyaAlaPhaVaXGXyGXulXallatAanSar 
K#tIl«GlyLy«l*«i*uLy«CXuAlaLy«^ 

GlylXaGXyLyaPhal^uArgSarAXaLyaLyaPhaAXaLyaAXaPhaVaXGX^ 

Glyil«GlyLy»Ph«L«uLyaSarAlal*y«Ly«Ph*AlaI*y«AlaPh#ValGlyciuIlall«tJUnS«r 

Glyil«ciyLy«PhaLauPhaSarAlaLy«Ly»Ph«AlaLy«AlaPh«ValGlyGlullaMatA«nSar 

Glyll«GlyLyaPh«LauGIuSarAlaty«LyaPh#AlaLy«AlaPh«ValGlyGlull«llatJUnSar 

GlyllaGlyLy«Ph«L«uAapSarAlaLy«LyaPh«AlaLyaAlaPh«ValGlyGluIlaMatAanS«r 

Glyila<;iyLyaPh«l>uMatSarAlaLy8LyaPhaAlaLyaAlaPh#ValClyGluIl«MatAsnSar 

GlyIlaGlyLy«PhaL«uTyrSarAlaLyaLyaPhaAlaI»yaAlaPh«ValGXyGluXl«MatAanS«r 

GlyllaGXyLysPheLauAlaSarAlaLysLyaPhaAlaLyaAlaPhaVaXGlyGlullaMatAanSar 

GXyIX«GXyLyaPhaLauHiaGXuAXaLysLy»Ph«AXatyaAXaPh«VaXGXyGXuIX«MatA8nSar 

GXyIXaGXyLy«PhaLauHisThrAXaLy«LyaPhaAXaLyaAXaPh«VaXGXyGXuIXaKatAsnSar 

GXyIX«GXyLyaPh*L«uArgGXuAXaLy«LyaPhaAXaLyaAXaPhaVaXGXyGXuIXaMatA«nSar 

GXylXaGXyLysPhaOauLysGXuAXaLyaLyaPh«AXaLy«AXaPhaVaXGXyGXulXallatA«nSar 

IXaGXyLysPhaLauHi«SarAXaLyaLy«PhaAXaLy»AXaPh«VaXGXyGXuIXaK«tAanS«r 

IXaGXyLyaPhaLauArgSarAXaLy«Ly«PhaAXaLyaAXaPhaVaXGXyGXuIXaK«tA«nSar 

IXaGXyLyaPhaLauLy«SarAXaLy«Ly«PhaAXaLy»AXaPhaVaXGXyGXuIX«JC«tAanSar 

IX«GXyLyaPhaLauPh€SarAXaLy«LyaPh«AXaLyaAXaPh«VaXGXyGXuIXaM«tA«F\Sar 

IleGXyLysPhaLauGXuS«rAXaLyaLyaPh«AXaLy«AXaPh«VaXGXyGXuIX«M«tAanSar 

IXaGXyLysPheL«uAapSarAXaLy«LysPhaAXaLysAXaPh«VaXGXyGXuIXa««tAanSar 

IXaGXyLyaPhaX^uMatS«rAXaLyaLyaPh«AXaLyaAXaPh«VaXGXyGXuIX«M«tAanSar 

IX«GXyLyaPhaLauTyrSarAXaLy«LyaPhaAXaLyaAXaPh«VaXGXyGXuIX«M«tAanS«r 

IX«GXyLysPh«x^uHlaAXaAXaI.ysLysPhaAXaLyaAXaPha)VaXGXyGXuXX«M«tJUnSar 

iXaGXyLysPhaLauHiaAXaAXaLyaLysPhalXaLyaAXaPhttVaXGXyGXuXXaltotAsnSar 

XXeGXyLy8Ph«X^uaisGXuAXaLyaLysPh«AXaLyaAXaM«VaXGXyOXuXX«JC«tA«nSar 

Il^lyLyal^al^uHiaThrAXaLyaLyaPhaAlaLyaAXaPhaVaXGXyGXuIlaJlatAaaSar 

Il«GlyLyaPhaLauArr^luAlaLyaLyaPhaAlaLyaAXaPhaVaXGXyGluIl«JlatAan5ar 

XXaGXytysPhaXAuLysGXuAXaLyaLysPhaAXaX.y«Aaapha)VaXGXyGluXX«ltetAanSar 

M#tGXyXXaGXyLysPh«L*uHisS«rAXaLysLyaPh«GXyLyagu^ 

GlyllaGXyLyaPhal^uHiaSarAlaLyaProimaGXyLyaAXaPhaValGXyGXuIXaKatAanSar 

MatGlyLyaPhaLauHiaSarAXaLyaLyaPhaGlyLyaAlaPhaVaXGXyGXuIlaJlatAanflar 

MatGlylXaGlyLyaPftat^uHiaSarAlaLyaLyaPhaAXaLyaA^^ 

GlyllaGXyLyaPhaLauHiaSarAlaKiaLyaPhaCXyLyaAXaPHaVaXGXyGXuIXaJCatAanSar 
GlyllaGXyLyaPhaLauHiaSarAXaLyaHiaPhaGXyLyaAXaPhaVaXGXyGXuXXaKatAanSar 
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o, I ^ l ^.P».u UH1 . s .„ 1 . t „ Ly . PB « lyL ,„ 1 . pl> . v . lolyouii>iiML<us>t 

^^^^^^^ . 

H.« yI1 «, yI . y „ h . 1 . ttH1 . s . rAl . clytyiMi<i!iytwiifii ^ is ^ iiiii ^ 
«» Il «= 1 ,.y. re . l . U Hl. S «„. (!ly£y „ a « !lytyull „ s . v , 1<!lii(5iiiiiMi<ei(iM ^ . 

<« 1 K. t « lyI ^ lyly , ps .^ lw . alylr .^ l ^^ wiwiMj ^-^ 

< o "•^»»«»y^.«.i^i«.« l . ty . ty .^ Xylyw ^ v . lclrtlui ^^ #t 

OX„ l l« ! l y t„«.UuHl M .r» 1M „ ty . rtMlyIyBu . F ^ v . lMy(!liitl<1|<tuwt 



49 



EP 0 472 987 A1 



Glyll«01yLy«Ph«I^uArgGluAl*ArtjLy«Ph«CXyLy«Al«Ph«v«lGlyGlull«M«tHi*s«r 

GlyIl*GlyLy«Ph«L«uGluGluAlaArgLy«Ph«GlyLy«AlaI»h«v«iClyGluIl«itotll«s«r 

Glyll«GlyLy«Ph«Il«Arg<31uAlaGlyLy«Ph«GlyLy«AlaPh«V«lGly<;iuIl«««tIl#S#r 

GlyIl«GlyLy«Ph«Il«Hi«CluAl«Ly«Ly«Ph«GlyLy«Al*Ph«ValGXy<;iuIl*K«tA«nS«r 

GlyIleGXyLysPh«Il«KisS«rAXaLysLysPh«AXaLysAlaPh«ValAlaGluIlttM«tLysS«r 

GlyIlaGXyLyaPhaI*uArgGluAXaHi«LyaPh«AXaLy«AXaPh*VaXIXaGXuIXaMatLy»Sar 

GXyIX«GXyLyaPhaLauLysS«rAXaHisLysPh«AXaLyaAXaPh«VaXGXyGXuXlaMatAsnSar 

GlyIlaGXyLysPh«tauPhaGXuAXaHlsLyaPh«AXaLyaAXaPh«VaXGXyGXuXX«MatLysPro 

GXyIlaGXyLysPhaLauSarHiaAXaOrnLysPh«GXyLyaAXaPhaVaXGXyGXuXX«MatLy«S«r 

GXyrieGXyLysPhaLauArgGluAXaGXyLysPhaGXyLyaAXaPhaVaXGXyAXaXXaMatLyaThr 

GlyIl«GXyLysPh*t*uArgGluAlaGlyLysPhaClyLy«AXaPhaVaXGXyAXaIXaMatt,y»Sar 

GlylleGlyLysPhaAanLysGluAlaGlyLysPhaGlyLysAXaPhaVaXGXyAXaXXaMatLysSar 

GlylleGXyLysPh^snArgAlaAXaLysLysPhaGXyLyaAXaPhaVaXGXyAXallaMatAsnSar 

GlyIlaGXyLyaPhal*uLysGluAXaGlyLysPhaGXyLy«AXaPhaVaXGXyGXuIX«AXaLy»S«r 

GXyllaGXyLysPhaLauHisGluAXaLyaLysPhaGXyLysAXaPhaVaXGXyGXuXXaThrAsnSar 

GXyXlaGXyLysPhaLauArgAXaAXaArgArgPhaGXyLysAXaPhaVaXGXyGXuXXaMatiArgLau 

GXyllaGXyLysPhalXaHisGluAXaGlyLysPh*GXyLyaAXaPh«VaXGXyGXuXX#MatLys3HYP 

Glyll«GXyLysPhaLauHisSarAXaLyaLyaPh«GXyLysAXaPh«VaXGXyGXuXX«Mat4HYPS«r 

GlyiXaGXyLysPhaL«uLysGXuAXaGXyLysPhaGXyLy«AXaPh«vaXGXyGXuXXaLyaS«r 

GXyXXeGXyLyaPhaLauHiaSarAXaGlyLysPh«S;sLysAXaPhttVaXGXyGXuIXaM«tAapS«r 

GXylXaGXyLysPhttL«uHisS«rAXaLysLysPh«GXyLyaAXaPh«VaXGXyGXuXX«K«tAapS«r 

( t ) K«tXXaGXyLyaPhaLauHiaGXuAXaGXyLyaPh«GXyLyaAXaPhttVaXGXyGXuXX«MatLysSar 

M«tGlyIl«GlyLy»PhaLauLy«GluAlaGlyLyaPh«GXyLyaAXaPh«ValGlyGluM«tLy«Sar 

MatGlyXXaGXyLy«PhttLauLyaGXuAXaLysLyaPh«GXyLyaAXaPh«VaXGXyXXaKatAanS«r 

GXyXXaGXyLyaPh«LauHlaGXuAXaGXyLysPh^GXyLysAXaPh«VaXGXyGXuXXalC«tLysOOPA 

GXyXXaGXyLyaPh«LauLyaAXaAXaHisAr9Ph«GXyLysAXaPh«VaXGXyGXuXXaKatLysSar 

GXyXXaGXyLyaPh«LauHlaGXuAXaHiaAr9Ph«GXyLysAXaPh«VaXGXyGXuXX«M«tLysSar 

GXyXXMXyLyaPh«L«iiArgAXaAXaHiaArqPh«GXyLysAXaFh«ValGXyGXuXX«MatAanS«r 

Glyll*GXyLy«PhaLauLy»GluAlaArgArtjPtoaCXyLyaAXaPtiaVaXGXyGXuIX«MatLya3ar 

GlyIl«GlyLy«Phal^uLyaSarAXaAri^ArqPhaGXyLy«AXaPh«VaXGXyGXuIXaHatArgSar 

GlyXlaGXyLysPhaLauLyaGXuAXaArgArgPhaAXaLysAXaPhaVaXAXaGXuXXaMatAanSar 

M«tGXyXXaGXyLy«Ph«l^uAr9AapAXaArgHlsPn«XX«LysAlaPli«vaXAlaGXuXX«lte«LyaS«r 

GXyXXaGXyLysPh«AanAspGXuAXaARqLysPhaGXyLysAXaPh«VaXGXyAXaXX«ltotHisSar 

MatGlyllaGXyLyaPhaLauHisGluAlaClyLyaPh^GXyLyaAXaPhaVaXGXyAXalXaAXaHiaSar 



50 



EP 0 472 987 A1 



M.tG 1 yIl^Xyty.Fh.U.«Hl. Gl uAl«Clyly.p h ^ latmia , h . ValAl4<;luI1#|(-t 

cl * I1 ^yty-**«^uHi.GXuAXaLy.Ly.p h . A x.Ly^ 

«yri«:iyLy.Ph,u.ur.y,AlaAl.Ly.Ly.Ph^ 1 ai. y « 1 aPh,v«iAl aG1 uIl«.tA.ns.r 
GlyIl«ClyLy.p h . t-u p h .^^ laClyLy . ph# ^ uLy ^ laphaV4 ^ iaciuii ^^^ 

««tC 1 yIl^ly L y aPh . I1 . Lyacl ^ laA ^ Ly-ph ^ lyLy ^ iapheVaiGi ^ iuii ^ 

Clyll^XyLy.Ph.U.uAXaAspAlaArgHi.Ph^lyLy^l.Ph.V.XValAl.ll^.tt.y.s.r 
GlyIleciyLy,Ph.L.uP h eciuA l « G1 yLy.Ph«<;iyLy^ 1 «p h .va lG iy CluIlalt . tAlaThr 

Glyr 1 «ClyLy.Ph^uH 1 , G luAla G lyLy.P h .v. 1 Ly^laPh.V,l G iy GluIlal( . tLy , s#p 

GlyIla G lyLy»Ph. L .uLys G1 uAlaLysLy.Ph.v.lLy^laPh.v. 1G iy GluI1 . M . tAanSar 
Glyria G ly Ly ,p h .^^ s ^ isAlaLyaLysph , ValLyaAlaph#VaiAiaciuii ^ 

ClylleClyLy.PhaU.uLy.cmAlaClyLy.Ph^lyty^l.Ph.v.ivaKHuXiK.tty.S.r 

G1 y"^lyty.FI« I * u j W luAl.«lyLy.FI»i*ut y ^.p h .v.iu^iuXl^tLyM.r 

Glyri. G lyLy.Ph.u.uLy. G luAlaLy. I .y.Ph^la I .y^ i .p h .va 1 AlaAl.il«.tA.n S T 
Glyri. G lyLy.p h ^ uS „„ laAlaClytyaph ^ lyty ^ aph<Valciyciuii ^ tL ^^^ 

G 1 yIla G1 yLy.Ph.u.uS.rHisA 1 . G1 yLy.Pha G lyLy«A 1 .Ph.Vl G Xy G lull«K.t I( y.ST 
GlyU^ly L y.Ph.^uS.rHisAla G lyLy.Ph^lyLy^l«Ph.V.l G ly CluIlallatLyaS#r 
GlyIl^ l yLy.Ph.^uS.rHi^laGlyLy.Ph^ 1 y L y^ a p haValclyCluri#Jf#tLysS#r 

GlyXl^XyLy.Ph«U.uS.rHi.Aa.GlyLy.Ph«;iytywi.Ph«V.l G Xy G lu I X«atLy.s.r 

G l yIIaCXyLy.PI,«^uS«Hl.Al.GXyLy.Ph«JXyLy^a.Ph«v.x G XyCXuIX«K.tty.s«r 

GXyIX« ! Xyty.Ph^uSTHl«AI.GXyLy.Ph* S XyLy^X.p h ,v.X C XyC l uIX^l.tt y .s« 

GXyIX«:X y Ly.Ph.U.uS«rHl^XaGXyLy.Ph*;XyLy^a.Ph.V.XGlyGXuIX^I.tLy«« 

CXylX^XyLy.Ph.t-uS«Hl^XaGXyty.Ph^XyLy^X.Pl,.V.XCXy«XuXXrtCtLy«« 

GlyXlaGXyLy.Ph.l^uS,rHi^X.Glyty.PhaCXyt y ^i.ph«V.XGXyGluXl*l«.tLy«s,r 

GlyH«SlyLy.Ph«U,uS.rHi«Al.GXyLy.Ph« G Xyly^X.Ph.v.XCXyCXuXlll.tLy^.r 

GlyXl^Xyty.Ph.x^.rHl^a.GXyLy.PhacxyLy.AX.Ph.v.XGXyGlttlX^.tLy^r 

GXyIX«SXyty.Ph«l*uSarHi^X.GXyCy.Pha«XyLymAl.*l»«v.lciyOXttIXail«tLy^.r 

GXyXla«XyLy.Ph«X*uS«ai^XaCXyLy.PhaGXyX,y^a.Pi»vaXCXyCXuIXrttotly^r 

CXyXX^XyX,y.».x* uS-rH1 «AXaGXyLy.Ph« ! Xyty^aaPl,.v«XGXycXuXXaJtotLy^r 

GXyIX«CXyty.|*,i - uS«rHi^x.GXyty.Ptoa«XyLy«AXaPli«V«XCXyCXuXX«Jftitty««r 

GlylX«GXyty.l*«x>.uS«rHlrtX«GXyLy.PhaflXyLy^a««»,V.XOXyCXuXX«ltotX,yrt«r 

GXyIXa«Xyty.l*«x*uS«rHi^.GXyLy.Ph«CXyLy«AX««i«v«XGXyOXuXX«JI«tX.yrt«r 
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Glyll#GiyLy»Ph«L«uS«rHi«AlaGlyLy«Ph«ClyLy«AXaPh«v«lGlyCluil*ii«tLy»S«r 
Glyri«GlyLy«Ph«L«uS«rHi»AlaGlyLy«Ph«<SlyLy«AlaPh«v«lGlyt;iuIl«M#tLy«S«r 
Giyll«GlyLy«Ph«L*uS«rHi«AlaGlyLy«Ph«GlyLy«AlaPh«ValGlyGluIlaM«tLyaS«r 
GlyIl#GlyLysPh«L«uS«rHi«AlaGlyLy«Ph«GlyLy«AlaPh«valGlyGluIlall«tLyaS«r 
GlylX«GlyLysPh«L«uSttrHlsAlaGlyLysPh«GlyLysAXaPhaValGlyGluXlaM«tLysSttr 
GXylX«GXyLyaPhaL«uS«rHi»AXaGXyLy»Ph«GXyLy«AXaPh«vaXGXyGXuIX«M«tLy«S«r 
GXyIX«GXyLy»Ph«L*uSarHi»AXaGXyLy«Ph«GXyLyaAXaPh«VaXGXyGXuIX«M«tLysS«r 
GXylX«GXyLy«PhaL«uSarHiaAXaGXyLy»Ph«CXyLyaAXaPh«VaXGXyGXulXaKatLyaS«r 
GXyIX«GXyLysPhaLauSarHi»AXaGXyLyaPh«GXyLy«AXaPhaVaXGXyGXuIX«M«tLy«Sar 
GXyIX«GXyLyaPhaLauS«rHiaAXaGXyLysPheGXyLy«AXaPhaVaXGXyGXuIX«MatLysS«r 
GXyIleGXyLysPh«L«uS«rHisAXaGXyLy«PhaGXyLyaAXaPhaVaXGXyGXuIXaMatLysS«r 
GXyIlaGXyLy3PhaL«uSarHiaAXaGXyLy»Ph*GXyLy»AXaPh«VaXGXyGXuIXaMatLyaS«r 
GXyIX«GXyLyaPhaLauSarHi»AXaGXyLy«PhaGXyLysAXaPhaVaXGXyGXuIX«MatLysSar 
GXyIl«GXyLyaPhaL«uSarHiaAXaGXyLyaPh«GXyLy«AXaPhaVaXGXyGXuIX«Mat:LyaSar 
GXylXaGXyLysPhaLauSarHisAXaGXyLysPhsGXyLysAXaPhttVaXGXyGXuIXaMatLyaSar 
GXyIXaGXyLyaPh«LauS«rHisAXaGXyLyaPh«GXyLyaAXaPh«VaXGXyGXuXX«MatLysS«r 
GXylXeGXyLyaPhaLauSarHisAXaGXyLyaPhaCXyLysAXaPhaVaXGXyGXuXXaMatLysSar 
GXyXXaGXyLysPhaLttuSarHlaAXaGXyLyaPh«GXyLysAXaPhaVaXGXyGXuXX«MatLyaS«r 
GXyXlaGXyLysPhaLauSarHisAXaGXyLyaPhaGXyLysAXaPhaVaXGXyGXuXXaMatLyaSar 
GXyXXeGXyLysPhaLauSarHisAXaGXyLysPhttGXyLyaAXaPhaVaXGXyGXuXXalfattyaSar 
GXyIXaGXyLyaPhaLauS«rHiaAXaGXyLyaPh«GXyLyaAXaPh«VaXGXyGXuXX«MatLyaSar 
GXyXXaGXyLyaPhaL«uSarHisAXaGXyLysPhttGXyLyaAXaPhaVaXGXyGXuXX«MatLyaS«r 
GXyXl«<3XyLysPh«LauS«rHiaJiXaGXyLyaPh«GXyLyaAXaPh«VaXGXyGXuXXaM«tLyas«r 
GXyXXaGXyLysPhaLttuS«rRiAAXaGXyLyaPh«GXyLy«AXaPhaVaXGXyGXuXXaMatLysSar 
GXyXl«GXyLysPhaL*uSarRlsAXaGXyLysPh«OXyLyaAXaPh«V«XGXyGXuXXaMatLyaS«r 
GXyXXaGXyLyaPh«LauS«rHlsAXaGXyLysPh«GXyLysAXaPh«VaXGXytsXuXX«JC«tLyaSar 
GXyXXaCXyLysPhaLauSarHlsAXaGXyLysPhaGXyLyaAXaPhaVaXGXyGXuXXaltotLyaSar 
GlyIlaGlyLyaPhaLauSarHi«AIaGlyty«Ph«ClyLyaAIaPtiaValGlyGluIl««atLy«Sar 
GlyIlaClyLyaPh«LauSarHi»AlaGlyLyaPh«ClyLymAiaPtoaVaXGlyGluIl«MatLyaS«r 
GlyllaGlyLyaPhaLauS#rHiaAlaGXyLyaPh#GlyLy»AlaPhaVaXGXyGluIlaKatLy»Sar 
GlytlaGlyLyaPhaLauSarHiaAl*GlyLyaPh«CXyLy«AlaPhaVaXGXyGXuIl«IUtLyaSar 
Glyll«GlyLy«PhaLauSarHi«AlaGlyLyaPnaGXyLyaAlaPhaVaXGXyGXuIlaKatLyaSar 
GlyllaGlyLyaPhaLauSarHiaAlaGlyLyaPhaGlyLyaAlaPtiaVaXCXyGXuIlaKatLyaSar 
GXyllaGlyLyaPhaLauSarHiaAlaGlyLyaPhaOXyLyaAlaPtoaVaXGlyGXuXlalCatLyaSar 
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G lyll^ l yLy.Pn^^. r « 1 ^. clyLw ^ lytw ^ v>lciyciuii-totLyBS ^ 
«Tii*y«i««« MtoUa oi ylt ^ y ^ i|| V.lClyCl«ll«. tLyrt#r 

c:iyU« S i y Ly.Ph.u.us*rHi^l.ciyLy.Ph«:iyL y ^i.p h .v.i C i y c lullrt , tI(yrt . r 
G lyIl^lyty.«».^uS«rHi^l.ci yty .p h ^ lyCy ^ a ^ v . lclyCXun4|totLy>s#r 

Clyll^lyLy.Ph.u.us.rHi^l.ciyLy.Ph^lyty^l.Ph.v.iGlyclun^tWr 

Glytl^lyty.ph.^.^i^.^y^.^^^^^^^^^^^^ 

GlyIl* ! lyLy.Fh.u.uS«Hi^l«ciyty.Ph*;XyLy^a.p h .v. 1 clyCluXl«.tLy«« 

<:iyri«:iyLy.Ph.U.uSTHi.A 1 « C lyLy.Ph« S lyty^a.«,,V« 1 GXyGluXl«.tLy.s.r 

Glyll^ l yLy.Ph.U.uS«Hi«Al.clyLyPh«:iyLy^a.Ph.V.WlyCluIl«.tX,y«.r 

GlyIl«oly L y.Ph«t*uSTHl,Al.clyLy.Ph« S lyLy^l.Ph,V. 1 Gly G luIl«,.t I .y,S.r 
GlyIl^iy L y.^.^ uS . rH1 . AlaGlyLy . ph ^ lyty ^ ia ^ Vaici ^ iuii ^ t ^ M ^ 

GlyU^lyty.l»h.U.uSTHi,Al. G1 yLy.Ph^lyty^U.p h# v.l G lyC 1 uIl«. t Ly«T 
GlyIl^lyLy. Ph . I-uS#rHi , AlaGlyLy , ph ^ lyLmla ^ #V4iGx ^ iuii ^ ti ^ r 

GlyH«ClyLy.Ph.^uS«rHi.AlaGlyLy.Ph«;iyLy^ i .Ph.V«lGlyG 1 utl«M. t Ly«s« 
GlyIl«G 1 yLy.Ph«L.uSTHi^ 1 aGlyLy.Ph«slyLy^ 1 .Ph - v.lGiyGl«H«. t i,y^ r 
GlyIl,GlyLy.Ph.U.uS«HlsA 1 .GlyLy.Ph*SlyLyrtl.PhaV.lGlyGluH,ltotty. S#r 
GlyIl«GiyLy.Ph«l*uS.rHi.A 1 «GlyLy.Ph«slyty^a.piiav«lciyGluHtf|.tlys« 
GlyH«GXyty.Ph^u S# rHi^laGlyLy«Ph«GlyI ( y^a«Ph«V«lGlyCluI11l.tLy^« 

Glyn.ciyLy.Ph.U.uSacHl.AlaGlyLy.Ph.GlyLy^laPh.v.iGlyGXuIl.ll.tl.y.ST 
GlyllaciyLy«Ph.t-uSarHiaAlaCXyty.Ph^xy ly ^ laPh . v . lcly< . luI1 ^ tLyBS#r 

GXylXaGXyLy.Ph^.uSarHi.AXaGXyLy.PhaCXyLy^a.Ph.v.XGXyGXuIXallatty.sar 

GXyIX«GXyty.Ph«U.uSartH^.cXyty.Ph«SXyLyrtXaPti.v.XGXyGXuIXll.tLy.ST 

GXyIX«GXyLy.Wi,l*uS«rHi«Al.cxyLy.PhaGXyLy,AX«PhaV.XGX y GXulXallatty«3ar 

GXyIXaGlyLy«Pl»«u.uS«rHi«AlaCXyty.Ph«cXyty^aa«iaValGXyGiuIlaltt«.yrtar 

GXylXacXyLy.Pto.i^uS.rHi^aacXyLy.PliaGXyLy^aaPh.v.XGXyGXuIlalc.tLyMar 

GlyXlaoiyi.y.Ph.t-uS.rHl^l.GXyLy.Ph.GlyLyrtl.PlwValGlyGluXlall.tlyrtar 

GlyXl.ciyty.Ph.L.uS.rtiaAl.GXyl.y.Ph.Glytyrtlapl^v.XGXyClttllaJi.tX.y^r 

GXyXl«01yty,« wX- uSarti«AlaCXyty«Pl»«SIyty^a«pi».vaX«lyolttIlall^Ly«Sar 

GlyXl«GlyLy«Ph«L.u» # rtl«AXaGXyty«Pli*»lyLy^U«*h«V«X01ycittXlaltotLyrtar 

GlyIl«GlyLy.PhaU.uS«rHi^aaGlyLy.PhaCXyLysAlaPfcaVaXCXyGXvaXaiUtX.y^ar 

GXyIX«GlyLy.P!i.u.u3arHi«Al«GlyLy.Ph«GXyLymAlaJ%aVaXGXyOXuIX««.«.y^ar 

GXyXla«XyLy«Pli«LauS«tMi^aGlyL y .»h*»i y Ly«AlaP1i«Valciy01ttXXalto«.yrtar 

GXyIl«GXyLy.PhaL.uSarai«Al.CXyLy.PhaGlyLy«AlaPliaValcXyOXuXXa#l«tI.y^ar 

GlyXlaOXyty.Ph«I*uS«rHirtlacXyLy«Pl»«01ytyrtiaPli«VaX0XyOlull«ltottyrtar 
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GXyXX*GXyLyaPh«l*uS*rHlaAXaGXyLyaPh«GXyLyaAXaPh*VaXGXyGXuXXaJfatLyaS«r 
GXyXXaGXyLyaPhaLauS rHiaAXaGXyLysPh#GXyLy«AXaPhaVaXGXyCXuXX«ltat&yaS«r 
GlylX«GlyLysPh«L«uS«rHisAlaGlyLysPhaGlyLy«Al«PhaValGlyGluXl«ll«tLysSar 
GXyXX*GXyLy«Ph«LauS«rHisAXaGXyLysPh«GXyLyaAXaPh«V«XGXyCXuXX«N«tLysS«r 
GXyXXaGXyLysPh«X*u$«rHiaAXaGXyLysPhaGXyLyaAXaPhaVaXGXyGXuXXaJf*tLyaSar 
GXyXXaGXyLysPhaX*uS«rHiaAXaGXyLyaPh*GXyLyaAXaPhaVaXGXyGXuXXaM*tLy»Sar 
GXyXXaGXyLysPhat*uS*rHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaM«tLya5*r 
GXyXX*GXyLysPhal*uS«rHi*AXaGXyLy*Ph*GXyLyaAXaPhaVaXGXyCXuXX«MatLysS«r 
GXyXXaGXyLyaPhaI*uSarKisAXaGXyLysPhaGXyLysAXaPhaVaXGXyGXuXX*K«t:Ly»S«r 
GlyXlaGXyLysPhaLauSarHisAXaGXyLysPhaGXyLysAXaPhaVaXGXyGXuXXaMatLysSar 
GXyIX«GXyLysPha£*uSarHisAXaGXyLysPhaGXyLyaAXaPhaVaXGXyCXuXX#MatLysSar 
GXyXXeGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaMatLyaSar 
GXyXXaGXyLyaPhaLauSarHlaAXaGXyLyaPhaGXyLysAXaPhaVaXGXyGXuXXaMatiLysSar 
GXyXXaGXyLyaPhaLauSarHisAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaKatLyaSar 
GXyXXaGXyLyaPhaLauSarKisAXaGXyLysPhaGXyLyaAXaPhaVaXGXyGXuXXaMatLysSar 
GXyXX*GXyLysPhat*uSarHisAXaGXyLysPhaGXyLyaAXaPh*VaXGXyGXuXXaM*tLysSar 
GXyXXaGXyLyaPhaLauSarHlsAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaMatLyaSar 
GXyXXaGXyLysPh«X*uSarHisAXaGXyLyaPhaGXyLyaAXaPh*VaXGXyCXuXX*MatLysS«r 
GXyXXaGXyLyaPhal*u$«rHi*AXaGXyLysPh#GXyLyaAXaPti#VaXGXyGXuXXaMatLysS«r 
GXyXXaGXyLysPhaLauSarHisAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaKatLysSar 
GXyXXaGXyLysPhaLauSarHlsAXaGXyLysPhaGXyLyaAXaPhaValGXyGXuXXaMatLyaSar 
GXyIXaGXyLyaPhaX*uS«rHiaAXaGXyLyaPh«GXyLyaAXaPhaVaXGXyCXuXX«Ka«LyaS*r 
GXyXXaGXyLy«PliaLauS«rHlaAXaGXyLysPbaGXyLy«AXaPtiaVaXGlyCXuXXaltetLysS«r 
GXyXX«GXyLyaPh«LauS«rHiaAXaGXyLysPhaGXyLysAXaPhaVaXGlyGXuXXaftetLysSar 
GXyXXaGXyLyaPhaLauSarHlsAXaGXyLyaPhaGXyLyaAlaPhaVaXGXyGXuXXaKatx.yadar 
GXyXXaGXyLyaPhaLauSarHiaAXaGXyLyaPbaGXyLyaAXaPhaValGXyGXuXXallatLyaSar 
GXylXaGXyLyaPhaUauSarHiaAXaGXyLyaPhaGXyLyaAlaPhaVaXGXyGluIXaMatLyaSar 
GXylXaGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXytsXuIXalUtLyaSar 
GXyIXaGXyLyaPtoaLau3arHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIX«llatLyaSar 
GXylXaGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyCXuIXaHatLyaSar 
GXylXaGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLysAXaPhaVaXGXytsXuIXalCatLyaSar 
GXyXXaGXyLyaPtoat^uSarfliaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyCXuIXalCatLyaSar 
GXylXaGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXalXaHatLyaSar 
GXyIXaGXyLyaPhaLauSarHi«AXaGXyLyaPhaGXyLyaAXaPfeaVaXGXyCXuIXalUtLya5«r 
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Clytl,ClyL3r«P!i«L«uS«rHl^l«ClyLy.« 1 «Sly ty ^ a ,p ll . v . lcXyCluI1-(-ttysS#r 
GlyH««i y Ly.Ph«L.uS«rai^l«ClyLy.Ph«Clyty«Al«Ph«V«lcl y ciuii -l . tlyrt#r 

ClyIl«clyLy«Wi«L«uS«rHl«Al«Clyty.Ph«OlyLy«Al«Ph«v«lclyCluH«ltotx.y«s«r 

CXytl«clyLy«Ph«u.uS«rHi«AlaClyLy«Ph«ClyLy«Al«Ph«V«lclycIuXl«ltotty.S«r 

CXyIX«ClyLy.Ph«L.uS«rHi«AI«01yLy.Ph«Glyty«Al«Ph«V«lGlyCluIl«ltotLy«S«r 

«ylXaCXyLyaPhal*uSarHiaAlaGlyLy.PhacXyLyaAXai*aVaXGXyGXuXXaltatLyaSar 

«mXaGXyLyaPhaI*uSarHlaAXaGXyLyaPhacXyLyaAlaPfcaVaXGXyOXuXXallatLyaSar 

GXyIX«CXyLy«Ph«L«uS«rMi»AXaGXyLy«Ph«GXyLy«AX»«»«VmXGXyCXuIX«ll«tLy«S«r 

GXytX«GXyLy«Ph«L«uS«rHi«AXaGXyLy«Ph«GXyLy«AX«Ph«V«XCXyGXuIX«M«tty«s«r 

Glyll^lyLyaPhaLauSartfiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaltatLyaSar 

GXylXaGXyLyaPhaLauSarHiaAXaGXyLyePhaGXyLyaAXaPhaVaXCXyGXuIXaltatLyBSar 

CXylXaGXyLyaPhaLauSarHiaAlaGlyLyaPhaGXyLyaAXaPhaVaXCXyGXuIXaJlatLyBSar 

GXylXaGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyeAXaPhaVaXGXyCXuXXaltatLyBSar 

GXyIXaGXyLyaPhaLauSarHiaAXaGXyLy«PhacXyLyaAXaPhaVaXGXyGXuIXaKaM.yaSar 

GXylXaGXyLyaPhaLauSarHiaAlaGXyLyal^aGXyLyaAXaPhaVaXGXyCXuXXaltatLyaSar 

GXylXaGXyLyaKiaLauSarHiaAXaGlyLyaPhaGXyLyaAXaPhaVaXGXyOXuXXallatLyaSar. 

GXylXaGXyLyaPhal^uSarHiaAXaGlyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaKatLyaSar 

cXyrXaCXyLyaPhaU.uSarHiaAXaGlyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXallatLy.Sar, 

GXylXaGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXallatLyaSar 

GXylXaGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXaltatLyaSar- 

GXylXacXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuIXallatLyaSar. 

GXylXacXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLy^aaPhavaXGXyGXuIXaltotLyaSarJ 

GXytXaCXyLyaPhaLauSarHlaAXaGXyLyaPhaCXyLyaAXaPhaValGXyGluIlallatLyaSar 

GXytXaGXyLyaPhaLauaarHi^acXyLyaPhaGXyLy^UaPhaValGlyGlttllrtlatLyrtar 

GXyIXaOXyLyaPhaLauSarHiaAXaGXyLyaPh«!XyLy^aaPhavaXGXy«luIlailatLyaSar 

GlyXXaCXyLyaPhatauSaraXaAlaGXyLyaPhaGXyLy^aPhaVaXGlyGluIXallatLyaSar 

GXyXXa01yLy«PhaLauSarSXaAXaGXyLyaPhaGXyLy«UaPliavaXGly«imi - i.tLy« #r 

GXylX^XyLyaPhaLauSarHiaAXaClyLyaPh^XyLyaAiaPhaVaXGXyCXuHaKatLyaSar 
cXyXXaCXyLyaPh.LauSarHlaAXaGXyLyaPhaOXyLyaAlaPliaValGly01uXXaltotX.yrtar 
GXyIXaGXyLy.Ph.Laus.rHX^.GXyLy.Pti«GXyLy*UaPhaValCly«luXXall^X.y^r 
CXylXaCXyLyaPhaLaus.rHi^.GXyLy.PhaGXyLyaAXaPliaValOlyOlttXlaWrtX.yrtar 
GXyIl«:iyLy.PhaLauS.rHi^iaGlyLy.PhaGlyLyaAXaPhaV.XCXyGXuIXalla«.yaaar 
GlyXXaGXyLy.Ph.LauS.rHl^a.GXyLy.FhaOXyL y *a^v.lcly«luXlallatX,yaS« 
GXyXXaCXyLyaPh LauSarHiaAXaGXyLyaPhacXyLyaAlaPh VaWlyCXuXlallatlya*ar 
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GlyXlttGlyLy«Ph«LftuS«rHi«Al*aiyLysPh*61yLysAlAPti«V«iaiyGXuIlttM«tLysS«r 
GlyIl«61yLysPh«L«uS«r8isAl«GlyLysPhMlyLysAl*Pti«V«lGly01uIl«ltatLy«s«r 
GlyXIttGlyLyaPh«L«uS«rHisAl«GlyLysPh«GlyLyflAlaPhttValGlyGluIl«ltotLysS«r 
GlyllaGlyLy«Ph«Lau3«rHisAl«GlyLysPh«GlyLy«AlaPh«ValGlyGluXlttltotLysS«r 
GlyllaGlyLysPh«L«uS«rHiaAXaGlytysPh«GlyLy«AlaPh«V«lGlyGluXl«ll«tLy«S«r 
GXyXl«GlyLysPhaLau5«rHisAlaGlyLyaPh«GlyLy«AlaPh«ValGlyGluIl«M«tLysSar 
GlyXlaGlyLyaPhaLauSarHiaAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluXlalfatLysSar 
GXyXlaGlyLyaPhaLauSarHiaAlaGlyLyaPhaGlyLyaAlaPhaValGlyGluXlaMatLyaSar 
GXyXXaGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaMatLyaSar 
GXylXaGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaHatLyaSar 
GXyXXaGXyLysPh«I*uS*rHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXX«MatLyaSar 
GXyXXaGXyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaMatLysSar 
GXyXXaGXyLysPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaMatLyaSar 
GXyXlaGXyLysPhaLauSarHiaAXaGXyLyaPhaGXy&yaAXaPhaVaXGXyGXuXXaMatLyaSar 
GXyXXaGXyLyaPhaLauSarKisAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXalCatLyaSar 
GXyXXaGXyLyaPhaLauSarHlaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyCXuXXalfatLyaSar 
GXyXXaGXyLyaPhaLatiSarHiaAlaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXlaKatLysSar 
GXyXXaGXyLysPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaMatLyaSar 
GXyXXaGX/LyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXaMatLyaSar 
GXyXXaGXyLyaPhaLauSarHiaAlaGXyLyaPhaGXyLyaAXaPhavaXGXyGXuXlaMatLyaSar 
GXyXXaGXyLyaPhaLauSarHiaAXaGlyLyaPhaGXyLyaAXaPhaVaXGXyGXuXlaMatLyaSar 
GXyXXaGXyLyaPtiaXjauSarSiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXalCatLyaSar 
GXyXXaGlyLyaPhaLauSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXytSXuXlaltotLyaSar 
GXyXXaGXyLyaPhaLauS«rHiaAlaGXyLyaPh*GXyLyaAXaPh«vaXGXyGXuXl#M«tLyaS«r 
GXyXXaGlyLyaPhaLauSarfliaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXlaMatLyaSar 
GXyXXaGlyLyaPhaLauSarHiaAlaGXyLyaPliaGXytyaAXaPhaVaXGXyCXuXlaMattyaSar 
GXyXXaGlyLyaPhaLauS«r«iaAIaGXyLyaPhaGXyLyaAXaPhaValGXyGXuXXaNatLya3«r 
GXyXXaGlyLyaPhaLattSarHlaAlaGXyLyaPhaGXyCyaAXaPhaVaXGXyGXuXlaMatLyaSar 
GXyXXaGXyLysPh#LauSarHlaAlaGXyLyaPhaGXyLyaAXaPtiaVaXGlyGXuXlaHatX.yaSar 
GXyXXaGXyLysPhaLauS#rHiaAlaGXyLyaPh«GXyLyaAXaPhaVaXGlyCXuXl«ltetX»yaSar 
GXyXXaGlyLysPhaLauSarHiaAXaGXyLyaPhaGlyLyaAlaPhaVaXGXyGXuXlallatLyaSar 
GXyXlaGXyLyaPhaLa\iSarHiaAXaGXyLyaPhaGXyLyaAXaPhaVaXGXyGXuXXalCatLyaSar 
GXyXXaGlyLysPhaLauSarHiaAlaGXyLyaPhaGXyLyaAXaPhaValGXyCXttXlaMattyaSar 

The salts of the free acid forms of these AMPPPs and the C-terminal amine forms thereof are also the 
subject of this present inv ntion as are other and/or additional substitutions or deletions. 
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There are various post-synthesis modifications of AMPPPs which could improve their effectiveness 
against one or more plant pathogens. One such post-synthesis modification is amidation of the carboxyl 
termini of natural magainins and the AMPPPs of the present invention. See. for example Cuervo et al. 
"The Magainins: Sequence Factors Relevant To Increased Antimicrobial Activity and Decreased Hemolytic 
Activity." Peptide Res.. 1. 1988. 81-86. Amidation of AMPPPs is known to generally improve their 
ant.m.crobial activity. Other post-synthesis modifications of AMPPPs which may prove beneficial with 
respect to antirmcrob.al activity, resistance to proteolytic degradation, and/or phytotoxicity. including those 
modifications wh.ch may result from post-translational modifications of AMPPPs prepared by biological 
expression from a DNA sequence encoding one or more AMPPPs. include, but are not limited to 
acetylation. glycosylation. farnesylatjon, amidation. tyrosine sulfonation. oxidations by chemical or en- 
zymatic means such as by oxidation of methionine residues, proline or tyrosine hydroxylation proline 
isomerization, and/or phosphorylation. 

These substitutions may be combined with other substitutions, deletions, and/or extensions to provide a 
peptide which is not only resistant to plant proteolysis, but also one with increased activity against one or 
more plant pathogens, selected activity against specific plant pathogens, and/or lower phytotoxicity Th 
fact that Arg and Lys have a substantial effect on proteolysis is unexpected because of the similarity in 
charge and/or structure between these compounds and the amino acid that they replace in naturally 
occurring Magain.n 1. Magainin 2. and other AMPPPs in accordance with the present invention, i.e., His 

The foregoing will be better understood with reference to the following examples. These examples are 
for the purpose of illustration. They are not to be considered limiting as to scope and nature of the present 
invention. r 

EXAMPLE 1 - PREPARATION OF [Met]Mag 2-OH (AMPPP #3) 

t-Boc-[Met]Mag 2-OCHjPAM resin was prepared using an ABI Model 430A peptide synthesizer 
employing t-Boc protection. DCC-promoted symmetrical anhydride formation in OMF/DCM and'Glu(OBzl), 
H.s(Z). Lys(CI-Z) and Ser(Bzl) as side-chain protecting groups. The synthesis was started from 0 5 mmol 
(0.78 g) of t-Boc-Ser(Bzl)-OCH 2 PAM resin, which was subjected to repetitive deprotection. neutralization 
and coupling steps following the standard OMF/t-Boc chemistry cycles used by the instrument Befor ' 
coupling of the N-terminal methionine, half of the resin was removed in order to prepare Mag 2-OH, so the 
- last coupling was performed on only half of the resin. 

m The obtained t-Boc and side-chain protected resin (dry weight = 0.6 g) was stirred for 50 minutes at 
-5 C with a solution of 6 mL of anhydrous HF. 0.6 mL of anisole. 0.23 mL of DMS and 0 18 mL of 1 2- 
ethanedithiol. After evaporation of the HF and DMS. the peptide/resin/scavenger mixture was washed with 3 
x 10 mL of cold 99:1 ether/BME to remove scavengers and other by-products. The peptide was then 
extracted with 2x6 mL of 6 M guanidine hydrochloride/1% BME. The extracts were combined, and the 
desired peptide was isolated directly from the guanidine hydrochloride solution by HPLC chromatography 
on a 2.2 x 25 cm. 10 micron, 330 angstrom. Vydak C-18 column using the following elution conditions at 
ambient temperature: flow rate of 4 mL/min; lineral gradient from 0%-100% B in A over 60 min • solvent A- 
0J% aqueous TFA; solvent B: 0.087% TFA. 10% water, 20% isopropanol, 70% acetonitrile; monitoring: UV 
absorbance at 229 nm. The main peak eluting at 47.6 minutes was collected to provide [MetJMag 2-OH 
presumably as its hexatrifluoroacetate salt. The peptide was shown to be greater than 95% pure by HPLC 
analysis. [Met]Mag 2-OH has also been prepared by the method described in Example 3. 

EXAMPLE 2 • PREPARATION OF [Pro"IMag 2-OH (AMPPP #5) 

t-Boc-[Pro"]Mag 2-OCH 2 PAM resin was prepared according to the method given in Example 1. except 
that ammo acds 1-14 were double coupled in DMF/DCM and His(Bom) was used instead of His(Z) 
Deprotection and cleavage was performed by stirring 1.0 g of the peptide-resin with a solution of 12 mL of 
anhydrous HF. 1.0 mL of anisole. 0.4 mL of DMS and 0.2 mL of 1 .2-ethanedithiol for 30 minutes at -10* C 
and then for 30 minutes at 0 C. After evaporation of the HF and DMS. the residue was stirred with 5 mL of 
BME and then extracted with 3 x 10 mL of 15% acetic acid/2% BME. The extracts were combined and in 
turn, extracted with 2 x 20 mL of diethyl ether. The acetic acid layer was then lyophilized to provide 217 mg 
of crude p ptide. which was dissolved in about 4 mL of 1 N acetic acid containing 1% BME and passed 
through a 2.6 x 10 cm Bio-Rad AG1-X-8 ion exchange column (acetate form) in 1 N acetic acid. The 
peptide fractions, detected by ninhydrin monitoring (Sarin et al.. supra), were combined and lyophilized to 
give 0.26 g of peptide, pr sumably now present as its pentaacetate salt. A solution of the peptide in 10% 
acetic acid/1% BME was further purified by eluting it through a 2.6 x 70 cm. Sephadex G-25 column at a 



57 



EP 0 472 987 A1 



flow rate of 1 mL''min and collecting the peptide fractions, which were detected by monitoring the effluent at 
254 nm. The peptide fractions were combined and lyophilized to give 250 mg of peptide, which was shown 
to be greater than 95% pure by HPLC analysis and its composition was confirmed by amino acid analysis. 

5 EXAMPLE 3 - PREPARATION OF [His 10 ]Mag 2-OH (AMPPP #12) 

t-Boc-[His l0 ]Mag 2-OCH 2 PAM resin was prepared using an ABI Model 430A peptide synthesizer 
employing t-Boc protection, DCC/HOBT produced HOBT active esters in NMP and Glu(OBzl), His(Bom), 
Lys(CI-Z) and Ser(Bzl) as side-chain protecting groups. The synthesis was started from 0.5 mmol (0.693 g) 

io of t-Boc-Ser(Bzl)-OCH2PAM resin (substitution level = 0.73 mmol/g), which was subjected to repetitiv 
deprotection, neutralization and coupling steps following the standard NMP/t-Boc chemistry cycles used by 
the instrument. After drying to constant weight, 1.82 g (78%) of peptide-resin was obtained. 

Deprotection and cleavage of 0.95 g of peptide-resin, using the method described in Example 2 
afforded 432 mg (82%) of crude peptide. This was converted to its acetate form, using the method 

?5 described in Example 8 to provide 400 mg of presumably the hexaacetate salt. The latter was dissolved in 
50 mL of 10% ammonium bicarbonate and the solution was stirred under a nitrogen atmosphere for 20 
hours at room temperature. Lyophilization of this solution yielded 0.38 g of peptide with an improved 
product profile. Final purification was accomplished by preparative, reverse phase HPLC using repetitive 
injections of peptide (15-30 mg) into a 2.2 x 25 cm. 10 micron, 300 angstrom, Vydak C-4 column and 

20 elution with the following linear gradient: 22%-42% B in A over 40 minutes; flow rate: 6.0 mL/min; solvent A: 
0.1% aq TFA; solvent B: 0.08% TFA in acetonitrile; monitoring: UV absorbance at 235 nm. The main peak 
eluting at 28.1 minutes, presumably the hexatrifluoroacetate form of the peptide, was collected and shown 
to be greater than 98% pure by HPLC. 

25 EXAMPLE 4 - PREPARATION OF [Pes Gly 1 , Met 2 ]Mag 2-OH (AMPPP #9) 

t-Boc-[Des Gly 1 , Met 2 ]Mag 2-OCH2PAM resin was prepared using the procedure given in Example 3, 
except that Lys 3 was double coupled. The composition of the peptide on the resin was confirmed by amino 
acid analysis ( Westall et at., supra). 

30 The peptide-resin was deprotected and cleaved using the method described in Example 2 (1.65 g of 
peptide-resin provided 824 mg (95%) of crude peptide). The peptide was purified by the method described 
in Example 3, except that after anion exchange chromatography, it was not treated with ammonium 
bicarbonate. Using the HPLC conditions described in Example 3, the main peak eluting at 23.82 minutes 
was collected to provide the desired peptide, presumably as its hexatrifluoroacetate salt, which by HPLC 

35 analysis was greater than 97% pure. 

EXAMPLE 5 - PREPARATION OF Met [Ala 13 , Ala 18 ]Mag 2-OH (AMPPP #11) 

t-Boc-Met [Ala 13 , Ala 8 ]Mag 2-OCH 2 PAM resin was prepared, deprotected and cleaved using the 
40 procedures given in Example 3, and the peptide in its acetate form was isolated using the method 
described in Example 4. HPLC purification was performed as described in Example 3, except that a linear 
gradient from 28%-48% B in A was instead used. The main peak eluting at 35.7 minutes, presumably the 
hexatrifluoroacetate form of the peptide, was collected and shown to be greater than 97% pure by HPLC. 

45 EXAMPLE 6 - PREPARATION OF [His n ]Mag 2-OH (AMPPP #13) AND [His 10 , His n ]Mag 2-OH (AMPPP 
#14) 

Using the method described in Example 3, the common segment of the two peptides. His 11 -Ser 23 of 
Magainin 2, was assembled on a PAM resin. The resin was then split in half and the synthesis was 

so continued in two separate vessels with the only difference being that the next amino acid coupled was a 
histidine in one case and a lysine in the other. Each synthesis was then completed independently using the 
methods described in Example 3. For the case of [His 11 ]Mag 2, 889 mg of peptide-resin was deprotected 
and cleaved in the usual manner to provide 385 mg of crude peptide, while for the case of [His 10 , His M ]Mag 
2, 804 mg of peptide-resin provided 320 mg (71%) of crude peptide. The peptides were purified and 

55 converted to their acetate forms using the method of Example 4, and each underwent final purification by 
HPLC using the method described in Example 3. The main peak eluting at 27.9 minutes for [His 11 ]Mag 2- 
OH and 25.1 minutes for [His 10 , His n ]Mag 2-OH, presumably the hexatrifluoroacetic forms of the peptides, 
were isolated and shown by HPLC to be greater than 95% pure in each case. 
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f^ZtloZl^l^ ° F [Afq7 ' Maq ^ U^JISL M»* 2-OH (AMPPP „8> and 

Using the method described in Example 3, the common segment of the three peptides. Ala'-Ser" of 
Vl T a i f Sembled on a PAM resin " Starti "9 from 0.600 mmol of t-Boc-Ser(Bzl)-OCH 2 PAM resin. 1 76 g 
L n^ n1n ,'l Pr0teC 1 t ^ ed • t - Boc ' Ala9 - Ser23 s *9ment of Magainin 2 on PAM resin was obtained. Ha.f of 
this 0.88 g (0.244 mmol). was put aside for use in Example 2. while the other half was coupled with t-Boc- 
Ser<B*) to produce t-Boc-Ser3-Ser«-Mag 2 -OCH 2 PAM resin. Then, using a method simi.ar to that described 
by rjoeng et al., supra, an equimolar mixture (0.667 mmol of each) of t-Boc-Arg(MTS), t-Boc-Lys(CI-Z) and 
t-Boc-Phe was coupled to the resin using the t-Boc-Lys(CI-Z)/NMP single couple cycle of the peptide 
synthes.zer (nmhydnn monitoring (Sarin et al.. supra) indicated 99.1% coupling efficiency for this step) 
The pept.de-res.n mixture was then capped by acetylation. and appendage of the remaining common 

SSTLT 8 H0BT/NMP cou P |in 9 c V c,es of PeP«de synthesizer (ninhydrin monitoring 

(Saren et al., supra) showed that coupling efficiencies ranged from 98.5 to 

99.6%). The N-terminal t-Boc group was removed by the peptide synthesizer using TFA. and the 
pept.de m.xture was then deprotected and cleaved from the resin using the following low/high HF 
procedure: 1.03 g of the peptide-PAM resin mixture was stirred for two hours at 0*C with a solution of 2 5 
ml of anhydrous HF. 6.5 mL of DMS and 1.0 mL of p-cresol. After evaporation of the HF and DMS the 

P f 7,f« r n S T miXtUra W3S StirrSd With 3 ,r6Sh SO,ution of,2mL °' anhydrous HF. 1.0 mL of anisole 0 4 mL 
o DMS 0.2 mL of 1 ,2-ethanedithiol and 3.0 mg of 2-mercaptopyridine. After evaporation of the HF and 
other volatites. the resm was swollen with chloroform and the mixture was washed with 3 x 10 mL of ether 
stirred for 30 mmutes with 5 mL of BME and extracted with 3 x 6 mL of 1:1 15% acetic acid/BME, and once 
with 30 mL of 50% aq. acetonitrile containing 0.001% TFA. The agueous extracts were combined, extracted 

VJ. ^ 9 3nd lyophilized t0 P rovide 39 « m 9 (about 70%) of a peptide mixture, which was 
converted to the acetate forms using the method described in Example 4 

The peptides were separated and isolated using the HPLC procedure described in Example 3. except 
that the grad.ent used was 22%-28% B in A for 60 minutes followed by 28%-39% B in A for 10 minutes 

TJLTTh «or bly , a ! th6ir tri,luoroacetates < he * a - <°< Arg' ^d Lys'; penta. for Phe') were analyzed 
by HPLC and FAB-MS and found to have the following characteristics (prep. HPLC RT in min. % purity by 

n n,r P ^ a 1' in ^ and aCtUa ' (M + H) in amu): t^'JMag 2 (49.8. >96. 2458.4, 2458.7) 
- [Lys']Mag 2 (4 8.2. >96. 2458.4. 2458.7); and (Phe'JMag 2 (64.0. >98, 2477.3. 2477.9). 

^z^Iqh^t j:t of [Aia8iMag 2 - qh (amppp #16> - [G,u8 ]May 2 -° h < amppp *™ ^ 

The PAM resin containing the segment Ala 9 -Ser« of Magainin 2 in Example 7 (0.88 g. 0.244 mmol) was 
coupled with an equimolar mixture (0.667 mmol of each) of t-Boc-Ala, t-Boc-Glu(OBzl) and t-Boc-Thr Bzl) 
The peptide-resin mixture was capped by acetylation and the remaining common segment was appended 
using the methods described in Example 7. Ninhydrin monitoring (Sarin et al.. supra) showed that coupling 
efficiencies ;were greater than 98.5% in al. cases. The peptide-resin mixture (0.940 mg) was deprotected 

IT? hTI meth ° d d9SCribed Ex3mple 13 to 9ive 352 m 9 < 68% > °* the P e P«de mixture, which 
was converted to the acetate forms using the method described in Example 4 

The peptides were separated and isolated using the HPLC procedure described in Example 3. except 
that the gradient used was 23%-30% B in A for 70 minutes followed by five minutes at 30% B Th 
peptides, presumably as their hexatrifluoroacetates were analyzed by HPLC and FAB-MS and found to' have 
the following characteristics (prep. HPLC RT in min. % purity by HPLC. expected (M + H)* in amu and 
Observed (M + H) amu): [Ala^JMag 2-OH (67.4. >95. 2451.3. 2451.4); [Glu*]Mag 2-OH (70 5 >90 2509 3 
2509.6; and [Thr*]Mag 2-OH (56.2. >95. 2481 .4. 2481 .7). g * un < aj.s. > 90f 250 9.3. 

EXAMPLE 9 • PREPARATION OF [Pes Asn^ . Pes Ser*3 ]Mag 2-OH (AMPPP #22) 

Using the method described in Example 3. the common segment of the two peptides. Gly'-lle 20 of 

MlfT"^^^ 6 ^ ° nt0 3 miXtUre ° f 020 mm °' ° f t*Boc-Met-OCH 2 PAM and 0.30 mmol of t-Boc- 
i ? 2 (prepared using the method of Example 3 starting from t-Boc-Asn-OCH 2 PAM). In this 
synthesis, however, the s gment from Gly' to Lys" was assembled using double couples for each amino 
acd. The peptide-resin mixture (1.15 g) was deprotected and cleav d using the method described in 
Example 7 to g,ve 419 mg (65%) of a peptide mixture, which was converted to the acetate forms using the 
method described in Example 4. a 
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The peptides were separated and isolated using the HPLC procedure described in Example 3, except 
that the gradient used was 20%-23% B in A over 60 minutes followed by 23%-25% B in A over 20 minutes. 
The peptides, presumably as their hexatrifluoroacetates. were analyzed by HPLC and FAB-MS and found to 
have the following characteristics (prep. HPLC RT in min, % purity by HPLC, expected (M + H)* in amu and 
5 observed (M + H)* amu): [Des Asn 22 , Des Ser 23 )]Mag 2 (65.6, >94, 2266.3, 2266.9; (Des Ser 23 ]Mag 2 
(AMPPP #21, made for reference purposes) (62.2, >92, 2380.3, 2381.8). 

EXAMPLE 10 - PREPARATION OF [Des Gly 1 , Des Me 2 )]Mag 1-OH (AMPPP #23) and [Met]Mag 1-OH 
(AMPPP #25) 

w 

Using the method described in Example 3, except that Gly 3 and Lys 4 were double coupled, t-Boc-{Des 
Gly 1 , Des lle 2 ]Mag I-OCH2PAM resin was synthesized starting from 0.602 mmol of t-Boc-Ser(Bzl)- 
OCH2PAM resin. About one-third of this peptide-resin (830 mg t dry weight) was removed and set aside. 
Using a single couple, an isoleucine was coupled to the remaining resin to produce t-Boc-[Des Gly'JMag 1- 

15 OCH 2 PAM resin and, again, about half of this (792 mg, dry weight) was removed and set aside. A glycine 
and a methionine were coupled to the remaining resin to produce, after drying, 661 mg of [MetJMag 1- 
OCH2PAM resin. Each resin was then independently deprotected and cleaved using the procedure 
described in Example 3, except that 3 mg of 2-mercaptopyridine was also added as a scavenger during the 
HF cleavage, to give 430 mg (92%), 350 mg (84%) and 250 mg (69%), respectively, of [Des Gly 1 , Des lle 2 )- 

20 ]Mag 1-OH, [Des Gly'JMag 1-OH (AMPPP #24, made for reference purposes) and [MetJMag 1-OH as their 
hydrofluoride salts. The peptides were purified and converted to their acetate forms, presumably the 
hexaacetates, using the method of Example 4. HPLC analysis indicated that they were about 78%, 48% and 
66% pure, respectively. 

25 EXAMPLE 11 - PREPARATION OF [Ala l3 ,Ala 18 ]Mag 1-OH (AMPPP #26), Met [Ala 13 , Ala 18 )Mag 1-OH 
(AMPPP #27), and [Ala 18 ]Mag 1-OH (AMPPP #28) 

Using the method described in Example 3, the segment, Lys 14 to Ser 23 of [Ala l8 ]Mag 1, was 
synthesized on PAM resin starting from 0.601 mmol of t-Boc-Ser(Bzl). About one-third of this peptide-resin 

30 was removed and placed into another reaction vessel, and coupling was continued to produce 832 mg (dry 
weight) of [Ala 18 ]Mag 1-0CH 2 PAM resin. The resin remaining in the vessel was coupled until the segment, 
t-Boc-[Ala 13 , Ala 18 ]Mag 1-0CH 2 PAM resin was produced. About half of this resin was removed (683 mg. dry 
weight) and a methionine was coupled to the remaining resin to produce 542 mg (dry weight) of Met [Ala 13 , 
Ala 18 ]Mag 1-OCH 2 PAM resin. Each of the three resins was then independently deprotected and cleaved 

35 using the procedure described in Example 10 to give 285 mg (66%), 259 mg (72%) and 104 mg (37%), 
respectively, of [Ala l8 ]Mag 1-OH, [Ala 13 , Ala 18 ]Mag 1-OH and Met [Ala 13 , Ala 18 ]Mag 1-OH as their 
hydrofluoride salts. The peptides were purified and converted to their acetate forms, presumably the 
hexaacetates, using the method of Example 4. HPLC analysis indicated that they were about 73%, 65% and 
67% pure, respectively. 

40 

EXAMPLE 12 - ANTIBACTERIAL BIOASSAYS 

Erwinia carotovora carotovora strain SR319 {Ecc SR319) was streaked on a plate of LB agar and 
grown overnight at 28* C. After 24 hours, a loopful of Ecc SR319 was picked from the agar plate and was 

45 added to 3 mL of Luria broth (10 g Bacto-tryptone, 5 g Bacto-yeast extract, and 10 g sodium chloride per 
liter of solution; autoclaved sterile) in a capped, sterile 10 mL test tube. This culture was grown overnight 
before its optical density at 630 nm was recorded using a Dynatech MR600 microplate reader (Dynatech 
Laboratories, Inc., Alexandria, VA). A portion of the overnight culture was adjusted with Luria broth to obtain 
a culture with an optical density at 630 nm of 0.2. About 250 microliters of this culture was added to 2250 

so microliters of Luria broth in a capped, sterile 10 mL test tube before this diluted culture was grown for 3 
hours at 28* C in a shaking incubator. The optical density at 630 nm of the freshly grown culture was 
recorded and a portion of this mid-logarithmic growth phase culture was diluted 1000-fold with Luria broth to 
an approximate concentration of about 10 5 colony forming units per mL of culture. About 85 microliters of 
this diluted culture was added to 12 wells in a 96 well microtiter plate for each AMPPP to be tested, with 1- 

55 4 replicate sets of 12 wells prepared for each AMPPP within a single experiment. Stock solutions of each 
AMPPP wer prepared at a concentration of 1 mg/mL and 0-15 microliters of each peptide stock solution 
were added to a single well in th microtiter plate followed by a sufficient volume of water to bring the total 
well volume to 100 microliters. Typical peptide volumes assayed were 0, 1,2, 3, 4, 5, 6, 7, 8, 9, 10 and 15 
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Iwnl IT 5 ',"? Corres P° nds «° 3 final P^tide concentration in the range of 0-150 micrograms™ The 
m.cromer plates were sealed with parafilm and incubated on a shaking platform at 28* C tor 44 hours The 

complete .nh.b.tory concentrate (MCIC) was then determined for each replicate set of varying peptide 

nTZl«TL«\: aCh : h8 ; eby MC,C iS de,ined 38 th9 <™* concentXTw'hich 

from a LlJTl wn r ab ^ M Tab,e 1 lists «"••" M C.C values computed after 20 hours of treatment 

InTntilL * I 6 " ! exper,ments with each AMPPP- -Met(S)(0)" and "Met(R)(0)" refer to the 
enantiomeric forms of a methionine sulfoxide residue 

foimwl° U f m ° St H 0f th u e D ,T PPP compounds list9d in Ta °'* I were greater than 95% homogeneous 
following reverse phase HPLC punfication. AMPPPs #5 and #23-28 were on.y 50-80% pure following partial 
purification and salt exchange by ion exchange chromatography. 9 
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TABLE I 



AMPPP # 



* 1 (Magainin 2) 



* 2 (Magainin 1) 



* 4 



* 6 



* 7 



* 8 



PEPTIDE SEQUENCE 



MEAN 
MCIC 
YALUE 



GlylleGlyLysPheLeuHisSerAlaLys- 
LysPheGlyLysAlaPheValGly- 
GluIleMetAsnSer-OH 40 

GlylleGlyLysPheLeuHisSerAlaGly- 
LysPheGlyLysAlaPheValGly- 
GluIleMetLysSer-OH 125 

MetGly I leGly LysPheLeuHisSerAla- 
GlyLysPheGlyLysAlaPheVal- 
GlyGluIleM«tAsnS«r-OH 70 

GlylleGlyLysPheLeuHisSerAlaPro- 
LysPheGlyLysAlaPheValGly- 
GluIleMatAsnSer-OH >150 

GlylleGlyLysPheLeuHisSerAlaLys- 
ProPheGlyLysAlaPheValGly- 
GluIleMetAsnSer-OH >150 

GlylleGlyLysPheLeuHisSerAlaLys- 
LysPheGlyLysAlaPheValGly- 
GluIleMat(S) (O)AsnSar-OH >150 

GlylleGlyLysPheLeuHisSarAlaLys- 
LysPheGlyLysAlaPheValGly- 
GlullaMat(R) (O)AanSer-OH >150 

GlylleGlyLysPhaLeuHisSerAlaGly- 
LysPh«GlyLysAlaPh«ValGly- 
GluXl«LysS«r-OH >150 

MetGlyLysPheLauHisSarAlaLyaLys- 
PheGlyLyaAlaPhaValGlyGlu- 
IlaM«tAsnS«r-OH 150 
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GlylleGlyLysPheLeuHisSerAlaLys 
LysPheAlaLysAlaPheValAla 
GluIleKetAsnSer-OH 
MetGlylleGlyLysPheLeuHisSerAla- 
LysLysPheAlaLy sAlaPheVal - 
AlaGluIleMetAsnSer-OH 
GlylleGlyLysPheLeuHisSerAlaHis- 
LysPheGlyLysAlaPheValGly- 
GluIleMetAsnSer-OH 
GlylleGlyLysPheLeuHisSerAlaLys- 
HisPheGlyLysAlaPheValGly- 
GluIleMetAsnSer-OH 
GlylleGlyLysPheLeuHisSerAlaHis- 
HisPheGlyLysAlaPheValGly- 
GluIleMetAsnSer-OH 
GlylleGlyLysPheLeuHisThrAlaLys- 
LysPheGlyLysAlaPheValGly- 
Glull eMetAsnSer-OH 
GlylleGlyLysPheLeuHisAlaAlaLys- 
LysPheGlyLysAlaPheValGly- 
GluIleMetAsnSer-OH 
GlylleGlyLysPheLeuHisGluAlaLys- 
LysPheGlyLysAlaPheValGly- 
GluIleMetAsnSer-OH 
GlylleGlyLysPheLeuLysSerAlaLys- 
LysPheGlyLysAlaPheValGly- 
GluIleMetAsnSer-OH 
GlylleGlyLysPheLeuArgSerAlaLys- 
LysPheGlyLysAlaPheValGly- 
GlulleMetAsnSer-OH 
GlylleGlyLysPheLeuPheSerAlaLys- 
LysPheGlyLyaAlaPheValGly- 
GluIleKetAsnSer-OH 
GlylleGlyLysPheLeuHisSerAlaLys- 
LysPheGlyLysAlaPheValGly- 
GluIleMetAsn-OH 
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22 GlylleGlyLysPheLeuHisSerAlaLys- 

LysPheGlyLysAlaPheValGly- 
GluIleMet-OH >150 

23 GlyLysPheLeuHisScrAlaGlyLysPhe- 

GlyLysAlaPheValGlyGluIle- 
MetLysSer-OH 55 
★ 24 HeGlyLysPheLeuHisSerAluGlyLys- 

PheGlyLysAlaPheValGlyGlu- 
IleMetLysSer-OH 70 
2 5 MetGlylleGlyLysPheLeuHisSerAla- 

GlyLysPheGlyLysAlaPheVal- 
GlyGluIleMetLysSer-OH 55 

26 GlylleGlyLysPheLeuHisSerAlaGly- 

LysPheAlaLysAlaPheValAla- 
GluIleMetLysSer-OH 15 

27 MetGlylleGlyLysPheLeuHisSerAla- 

GlyLysPheAlaLysAlaPheVal- 
AlaGluIleMetLysSer-OH 20 

28 GlylleGlyLysPheLeuHisSerAlaGly- 

LysPheGlyLysAlaPheValAla- 
GluIleMetLysSer-OH- 20 
*29 (Magainin 2- GlylleGlyLysPheLeuHisSerAlaGly- 
amide ) Ly sPheGlyLy sAlaPheValAla- 

GluIleMetLysSer-NH 2 20 

♦For comparison purposes 

Many of the AMPPPs, such as Nos. 4, 5, 6, 7, 8, 12, 13, 14, 15, and 22, were not active against Ecc 
SR319 even at concentrations higher than 150 micrograms AMPPP/mL. 

EXAMPLE 13 - ANTIFUNGAL BIOASSAY 

Fungi are grown on an appropriate medium, in this case a potato dextrose agar plate, for several weeks. 
At the end of that period, the plate was flooded with about 5 mL of sterile distilled water to harvest spores. 
The spore concentation was determined by use of a hemocytometer and the spore suspension was stored 
in a sterile tube at 4*C until it was needed. 82 microliters of potato dextrose broth and 3 microliters of 
spore suspension (ranging from 10 5 to 10 7 spores total) was then added to 12 wells in a 96 well microtiter 
plate for each AMPPP to be tested, with 1-4 replicate sets of 12 wells prepared for each AMPPP within a 
single experiment. In several instances, more than one spore concentration was used in order to determine 
the efficacy of certain AMPPPs as a function of the number of target spores. Stock solutions of each 
AMPPP were prepared at a concentration of 1 mg/mL and 0-15 microliters of each peptide stock solution 
were added to a single well in the microtiter plate followed by a sufficient volume of water to bring the total 
well volume to 100 microliters. Typical peptide volumes assayed were 1, 2. 3, 4, 5, 6, 7, 8, 9, 10. and 15 
microliters, which corresponds to a final peptid concentration in the range of 0-150 micrograms/mL. The 
microtiter plates were sealed with parafilm and incubated at room temperature for 48 hours. The fungal 
growth was observed after 24 and 48 hours by microscope using a 4X and/or a 10X objective lens. The 
amount of spore germination and fungal growth was recorded as a qualitative measurement at each 
observation time using a system of pluses and minuses: [-] meant no germination having occurred, [ + ] 
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meant the beginnings of mycelial growth with the overall appearance of a loose lattice, and [ + ♦ + 1 meant a 
*L n oL my 9f0Wth With the ° Vera " a PP earan « of a thick opaque meshwork. The MCIC value for each 
AMPPP tested was then recorded, where the MCIC value is defined as the lowest peptide concentration at 
wh.ch no spore germination occurred (rating = [-]). Table II lists mean MCIC values computed after 24 
hours of treatment from at least three replicates with each AMPPP for each of two or three plant pathogenic 
ung, tested: Alternate alternata. 93 Fusarium and Trichoderma reesei. The identity of amppp s in Table 
II is the same as detailed in Table I. 
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There is some variability in response among the three plant pathogenic fungi tested, but in general 
almost alt of the AMPPPs tested were active against ail fungi tested at some treatment dose in the range 9- 
150 micrograms AMPPP/mL. The exceptions to the AMPPPs active against fungi were AMPPP 4 for both 
P3 Fusarium and Trichoderma reesei and AMPPP 5 for P3 Fusarium. Many of the AMPPP compounds 
5 were about as active against plant pathogenic fungi as against bacterium Ecc SR319 (for example, AMPPPs 
1, 16, 18, 19, and 21). while certain AMPPP compounds were much more effective againt plant pathogenic 
fungi than against bacterium Ecc SR319. The latter category includes, but is not limited to, AMPPPs 2, 6-9, 
12-15, 17, and 22. 

Note that some variability occurs between experiments and is attributable to differences in the biological 
70 test material. 

Most of the AMPPPs in accordance with the present invention are active against plant pathogenic fungi, 
bacteria, or both. Some AMPPPs, such as AMPPPs 11. 18, and 19 were more active than natural Magainin 
2 against Ecc SR319. Others were only slightly less active (AMPPP 21). These same compounds did not 
sacrifice significant anti-fungal activity. Surprisingly, other AMPPPs, such as AMPPPs 12-15, 17, and 20 
/5 showed dramatic loss in activity against plant pathogenic bacteria, but maintained substantial activity 
against plant pathogenic fungi. These compounds are of great importance in conjunction with protecting 
plants from plant pathogens because the biospecificity allows for protection against fungi without threat to 
certain beneficial bacteria in the soil or environment. 

20 EXAMPLE 14 - MEASURE OF RESISTANCE TO PROTEOLYTIC DEGRADATION. 

To determine the sensitivity of magainin peptides to extracellular proteases, and to determine the site of 
processing by these proteases, a system was designed to obtain extracellular fluid from leaves of maize, 
tobacco, and potato and use these to test the stability of magainin analogs. 

25 Extracellular fluid (ECF) was obtained in accordance with Z. Klement, supra by cuttinig interveinai 
pieces from tobacco leaf after they were rinsed in deionized water. The segments were submerged in water 
in a vacuum desiccator and vacuum was applied for five to 10 minutes. The vacuum was released slowly, 
the leaves were blotted dry and four to five pieces were rolled and placed in a 50 mL disposable syringe 
barrel cut down so as to be able to fit in a swinging bucket centrifuge rotor. The syringe barrel was placed 

30 in a 50 mL screw cap conical centrifuge tube and centrifuged in a swinging bucket rotor as 500 x g for 30 
minutes. The liquid was recovered and centrifuged in a microfuge for 10 minutes. The supernatant was 
stored at -80* C and used in subsequent experiments. 

To test the stability of the magainin analogs to extracellular plant proteases, 20 micrograms of the 
magainin peptide analog (1 mg/mL) was incubated with 0, 1, 2.5. 5, 10% extracellular fluid in 50 mM Tris, 

35 pH 7.4. After incubation at 37* C for one hour the proteases were inactivated by the addition of TFA to 1% 
final volume. 

Peptides were analyzed by reverse phase chromatography on a 4.6 mm x 250 mm Vydac C-4 protein 
column (Nest Group, Southboro, MA) using a 0 to 60% acetonitrile gradient in 0.1% TFA on a Hewlett- 
Packard HP1090 high pressure liquid chromatograph (Hewlett-Packard, Avondale, PA). When the amount of 

40 ECF was increased it was observed that two early eluting peaks were generated from the parent peak. 
These peptides were purified and analyzed by FAB-MS and amino acid analysis. The results indicated 
among other things that the earliest eluting peptide fragment was residues Gly 1 to Xaa 7 . The values shown 
in Table III represent the percent of the area in the parent peak and the Gly 1 -Xaa 7 peak obtained after 
incubation of the indicated AMPPP with 2.5% ECF, relative to area of the AMPPP parent peak with no 

45 added ECF. The results indicate that modification of AMPPPs by substitution with Arg, Lys or Phe at 
position 7 and Glu at position 8 provide signficant resistance to proteolysis at the Xaa 7 -Xaa 8 peptide bond. 
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TABLE TTT 



% Total Area Under Chroma^g oram Pea^ 

AMPPP # Parent AH??? Fragment myl-Xaal 

1 54.4 15 . 2 

15 55.6 in 

16 58.9 13 . 9 

17 95.9 o.7 

18 68.5 6 .i 

19 63.9 7.0 

20 62.5 3.9 



EXAMPLE 15 -THE EFFECT OF ECF ON ANTIFUNGAL ACTIVITIES OF AMPP Ps 

understand the effect of plant proteolytic enzymes of AMPPP activity because any 
AMPPP apphed to crop plants w,ll be in contact with plant tissues and any associated plant proteases IHs 
.mportan, to assess the bioactivity of an AMPPP which may be cleaved by one or more plant p oSases as 
well as to recognue that such an even, has occurred. An extract of extracellular fluid (ECF) as described 
Example 14 ,s a useful reagent in determining such loss of antimicrobial activity of AMPPPs due to 
exposure to plant proteases in the extracellular compartment of plant tissues. Bioassay experiments were 
^ UCt AMS h p 300 * 100 ° Pre 9 ermina,ed P3 spores essentially as describe, ^ in Sample 13T 

vanous AMPPPs exposed to ECF from several crop species, or exposed to spent media collected as a 
supernatant from centrifuged three-day old P3 Fusarium cultures grown in potato dextrose broth (FOB) 
corn stalk medium (CSM). or water as detailed below. The only major difference in the bfoassay methS 
used from that descnbed in Example 13 was that the bioassay was conducted in a total culture vo.ume * 

0% Tv/v Ind ra wa e : ^ I°° miCr °' ite : S - KF PreS6nt ,n th « Se bi0aSsa ' s * a fina. concentration o 
10/, (v/v) and was added concurrently w.th an AMPPP to the Fusarium spores at various AMPPP 

1Z«TT S - . bi °f r6SUltS ff0m th6Se t9StS were intBr P^d as described in Exampie 13. and an 

The" m inTmS ^ ^ AMPPP was obtained *° m *. comparison ol 

he m.n.mal complete mh.btory concentration (MCIC) with and without addition of ECF.^The percent 
reduction 'S calculated as (MCIC-MC.C/MCIC + >. Tabie IV summarizes the results of these teste wTh 

l^ r, k ' b,,,0n W3S dUe ,0 th9 pr0,e0ly,ic activit y P resent in *° ECF samples was 
SSTSi observa ''° n that treatment of the ECF with 2% pheny.methylsulfonylf.uoride, a known 

o th tSTl*? lp B o eatin f ° f thS ECF " 3 b ° i,inS W3ter bath f0r 10 minutes ' e,im '"ated the capacity^ 
of the ECF to inhibit AMPPP antifungal activity. 
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TABLE IV 

ECF Source 
Tobacco Leaf 



Potato Leaf 



AMPPP # 
*1 
*2 

3 
*4 

5 
*6 

8 

9 

*10 

11 
12 
13 
14 
5 

*10 

11 



Approximat % Reduction in 
Antifungal Activity bv ECF 

75 

50 

75 

50 

50 

50 

50 

85 

85 

85 

75 

85 

50 

75 

85 

50 
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75 
75 
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75 
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♦For comparison purposes 
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- EXAMPLE 16 - ANALYSIS OF PROTEASES SECRETED FROM PLANT AND FUNGI CELLS 

Extracellular protease reagent solutions may also be produced from tissue culture media and fungal 
culture med.a and used as in Example 14 for the determination of resistance to proteolytic degradation 
There are several advantages to using proteases collected from tissue culture media. Specifically th ' 
concentrate and contents of successive batches tend to be more consistent, and the method in 

SS e W ' th * a . pr t Sent invention al,ows for co,lec «° n °' Pleases from a greater variety of plants and 
plant pathogens. It is therefore possible to consider the proteolytic resistance of an AMPPP to both host 
organism proteases and plant pathogenic proteases. 

.hhIh 65 ! Pr ° > !f aSe " COntainin9 re3 " ntS are 0btained by removi "9 the cells from media by centrifigation 
and adjusting the supernatant to 50 mM Tris pH 7.4 by 20-fold dilution of a 1 M Tris pH 7.4 stock soluLi. 

EXAMPLE 17 - OXYGEN EVOLUTION BIOASSAY FOR PHYTOTOXI CITY 

The following procedure for the preparation of chloroplasts to use in an oxygen electrode is similar to 
that of Gap a et a,.. "Plant Phys." 89. (1989) 753-761. Spinach (Spinacia oleracea L. var. 'Melody was 
grown ,n 1:1 peat/vermiculite potting mix in a growth chamber with a 10 hour light period. The chamber 
temperature was maintained at 21 C (day) and 16' C (night) during the growth period. All plants were used 
for chloroplast isolation after 6-8 weeks of growth. 

In order to obtain an enriched chloroplast fraction, about 12 g of deribbed spinach leaves were 
thoroughly washed and dried. The leaves were then cut into small pieces, each about 1/2 inch square and 

mM^f M ,n o a u Sm !"J 5 i en o der i3r con,ainin 9 50 mL of cnilled homogenization medium (0.33 M sorbitol. 50 
mM Hepes-NaOH. pH 6.8. 2 mM NajEDTA. 1 mM MnCI*. 1 mM MgCI 2 ). The tissue was blended twice for 
three second mtervals on high speed in a blender. The resulting homogenate was filtered through four 
layers of cheesecloth and two layers of miracloth (Behring Diagnostics. La Jolla. CA) into two chilled 30 mL 
glass centnfuge tub s. The filtered solution was centrifuged for 1.0 minute at 750 g (2 200 RPM) in a JS 
13.1 swinging bucket rotor in a Beckman J2-21M centrifuge (Beckman Instruments. Inc.. Somerset NJ) 
The supernatant was then decanted and the pellet was gently resuspended by swirling at 0*C About 15 
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mL of homogenization medium was added to each tube of chforoplasts before the chloroplasts were layered 
onto a 40% Percoll gradient (6 mLs Percoll. 9 mL homogenization medium, and 0.03 g bovine serum 
albumin) in a 30 mL glass centrifuge tube. These tubes were centrifuged for 4.0 minutes at 2500 g (4000 
RPM) in a JS 13.1 swinging bucket rotor in a Beckman J2-21M centrifuge. The resulting pellet was 

5 resuspended in a small amount of homogenization medium (about 500 microliters). 

Plastid concentration was generally expressed on a chlorophyll basis. Chlorophyll is determined by the 
method of Arnon (Plant Phys., 24, (1949) 1-14). About 50 microliters of chloroplast stock suspension was 
added to 10 mL of 80% acetone and this solution was incubated 5.0 minutes in the dark and then 
centrifuged for 5.0 minutes at 500 g (1630 RPM) in a Beckman GP centrifuge. The absorbance of the 

io acetone-chloroplast solution was monitored at 645 nm, at 663 nm and at 730 nm. The chlorophyll 
concentration was then calculated as 10 x [(absorbance at 645 nm x 20.2) + (absorbance at nm x 8.02) - 
background at 730 nm]. This gave the amount of chlorophyll in micrograms for the original 50 microliters of 
chloroplasts^ The concentration of chloroplasts was then adjusted with homogenization medium so that 50 
microliters of suspension contains 26 micrograms of chlorophyll. These chloroplasts were only active for 1- 

15 1/2 to 2 hours and were theefore used immediately. 

An oxygen electrode (Hansatech Instruments Ltd., Kings Lynn, Norfolk, England) was used to measure 
oxygen evolution from isolated chloroplasts. For a detailed discussion of the method see, D. Walker, supra. 
A saturated KCI solution was placed in the electrode well and a 1 inch square of rolling paper or lens paper 
was placed into the electrode well so that it soaked up KCI and formed an ionic bridge. A 1 inch square of 

20 teflon membrane was then prepared, being careful not to touch its surface, and was placed over the soaked 
paper. Using the membrane applicator, an O ring was placed over the head of the electrode, thereby 
securing paper and membrane across the electrode. The CB-1D control box was turned on and the system 
was allowed to warm up approximately one hour before calibration. The system was then calibrated using 
air-saturated water (vigorously shaking a wash bottle, of deionized water). Using the gain switch, the output 

25 was subsequently set so that the pen on the chart recorder was at the maximum chart height. To remove all 
air from the water in the cuvette and to zero the chart recorder, about 2-3 mg of sodium dithionite was 
added and the plotter pen was observed to move to the bottom of the graph. If the slope of the line were 
unstable, the membrane and paper were removed and the setting up of the oxygen electrode was restarted. 
In order to carry out a phototoxicity bioassay with the oxygen electrode, the following components were 

30 added to the oxygen electrode cuvette: 855 microliters assay medium (homogenization medium adjusted to 
pH 7.6 plus 25 mM NaH 2 PO*). 50 microliters of 0.1 M fresh NaHC03, 20 microliters catalase (a total of 49.6 
units/microliter), and 50 microliters chloroplast suspension (added last). The light source to the electrode 
then was turned on. An initial lag phase was seen as the chloroplast system equilibriated. If the initial lag 
phase was greater than one minute, then the plants used for chloroplast isolation were judged to be 

35 inadequate. In productive experiments, a steady rate of oxygen evolution was established for 2-3 minutes, 
then 25 microliters of solution containing peptide were added using a Hamilton syringe. The oxygen 
evolution rate was monitored for 4 minutes after peptide addition. The reduction in rate of oxygen evolution 
in these experiments after the addition of a peptide was determined by comparing the slope of the chart 
recorder output line before the addition of the peptide to the slope of the tine at a set time point after 

40 addition of the peptide. The results were normalized for chlorophyll content since there was some variability 
between experiments in chloroplast concentration in the illuminated reaction chamber. Normalization was 
carried out by dividing the slope by the chlorophyll concentration expressed in milligrams. The final result 
was expressed as percent inhibition of oxygen evolution derived by dividing the rate of oxygen evolution 
after addition of the peptide by the initial control rate of oxygen evolution and multiplying that number by 

45 100. 

Table V summarizes observations on several AMPPPS for chloroplasts exposed to peptides at a final 
concentration of 16 uM. Mean values and standard deviations were calculated from 4-15 replicate assays 
with , each AMPPP. Control oxygen evolution rates were in the range of 72-283 umoles C^/hour/mg 
chlorophyll. Multiple peptides were studied in each experiment to minimize day-to-day variability in the 
so results. The identity of individual AMPPPs as listed corresponds to the peptides listed in Table II of 
Example 4. 
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♦For comparison purposes 

EXAMPLE 18 - CONSTRUCTION OF SYNTHETIC {(f)M et}-Magainin 2 GENE ANO ESTABLISHMENT OF 
THE SYNTHETIC GENE IN ESCHERICHIA~COlT " : 

A synthetic [(f)Met]-Magainin 2 gene is designed on the basis of the universal genetic code and a 
bacterial codon usage table (see H.A. DeBoer and R.A. Kastelein. "Biased codon usage: an exploration ot 
its role in optimization of translation", in Maximizing Gene Expression [W.S. Reznikoff and L Gold eds ■ 
Butterworth, Boston. 1986], pp. 225-285, and J. Brosius, "Expression vectors employing lambda- lac- and 
Ipp-denved promoters", in Vectors: a Survey of Molecular Cloning Vectors and Their Uses [R L 
Rodriguez and D.T. Denhardt. eds.; Butterworth, Boston, 1988], pp. 205-225) and with flanking non-equal 
EcoR1 and H.ndlll restriction endonuclease recognition sequences for convenient directed insertion into th 
polylinker region of the commercially available bacterial plasmid pKK223-3 (Pharmacia Inc.. Piscataway NJ) 
capable of regulated expression. Regulated expression of the synthetic gene is desirable to avoid 
deleterious effects on the growth of the host cells due to toxic activity of (f)Met-Magainin 2. The synthetic 
gene incorporates ATG as the first codon appended to a DNA sequence encoding Magainin 2 in order to 
allow for expression of this peptide in the genetically well-defined bacterium Escherichia coli The 
synthetic gene would be assembled from two oligonucleotides prepared on an Applied Biosystems Model 
391 PCR-Mate oligonucleotide synthesizer using beta-cyanoethyl phosphoramidite chemistry.The sequence 
of the two synthetic oligonucleotides assembled to prepare the synthetic gene would be 
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(I) 5' -AAT TCA TAT ATG 
TTG CAC TCA GCA AAA 
s TTT GTG GGA GAG ATA 

A-3 ' ; 

(II) 5'-AGC TTG ACT TAT 
CCC ACA AAA GCT TTT 

JO 

GA TGC AAA AAT TTA 
G-3 ' . 



GGA ATT GGT AAA TTT 

AAA TTT GGA AAA GCT 

ATG AAT TCA TAA GTC 

GAA TTC ATT ATC TCT 

CCA AAT TTT TTT GCT 

CCA ATT CCC ATA TAT 



75 1-3 micrograms of each of the above oligonucleotides would be combined in 15 microliters of sterile 
distilled water to which would be added 2 microliters of 10X linker kinase buffer (see T. Maniatis et a/., 
Molecular Cloning, p. 125; Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 1982) and 2 microliters 
of 4mM ATP. This solution would be heated to 65-70* C. for 2-3 minutes and cooled slowly to room 
temperature over a period of at least 45 minutes to allow the oligonucleotides to anneal to one another. One 

20 microliter of T4 polynucleotide kinase (Bethesda Research Labs; at least 10 U/microliters (U = units)) would 
be added to the cooled mixture and the solution would be incubated for 60 minutes at 37° C. The reaction 
mixture would then be heated to 65* C. for five minutes to inactivate the kinase enzyme. 

Five micrograms of the plasmid pKK223-3 would be digested to completion in a total volume of 15 
microliters with the restriction enzymes EcoFU and Hindlll (New England Biolabs) according to the 

25 manufacturer's specifications or known methods. T. Maniatis et a/., "Molecular Cloning/' supra, at pp. 98- 
106. Successively 29 microliters of water, 5 microliters of 10X T4 DNA ligase buffer (International 
Biotechnologies, Inc., New Haven, CT) and 1 microliter of calf intestinal alkaline phosphatase (Boehringer 
Mannheim, Indianapolis, IN; 1 U/microliter) then would be added to the restriction digest mixture. This 
phosphatase reaction mixture would be incubated at 37* C. for 30 minutes, then 65* C. for 15 minutes 

30 before the phosphatase reaction mixture would be extracted twice with 50 microliters phenol:chloroform 
(1:1) equilibrated against 10 mM Tris-HCI, 1 mM Na2£DTA. Eight microliters 5 M ammonium acetate and 
150 microliters -20* C. 100% ethanol then would be added to the aqueous reaction mixture and the sample 
would be stored 10 minutes at -20* C. before it would be centrifuged in an Eppendorf microfuge at 4* C. for 
30 minutes. The supernatant would be discarded and the pellet would be dried under vacuum for 3-5 

35 minutes. The dried pellet then would be resuspended in 10 microliters sterile distilled water and the entire 
sample electrophoresed in an 0.8% agarose/1 microgram/mL ethidium bromide gel in 1X TBE buffer (89 
mM Tris-OH t 89 mM boric acid, pH 8.3, 2.5 mM Na 2 EDTA). Full-length linear pKK223-3 plasmid DNA would 
be visualized under long- wavelength ultraviolet light and the linear DNA band would be excised from the gel 
with a razor blade. Purified linear plasmid DNA would be obtained from this sample using Gene-Clean (Bio 

40 101, La Jolla. CA) according to the manufacturer's specifications or similar procedures such as size 
exclusion chromatography. See Maniatis et a/., supra, pp. 464-467. 

Linear, phosphatased pKK223-3 DNA and annealed oligonucleotides would be mixed in a molar ratio of 
1:10 using at least 0.5 micrograms of pKK223-3 DNA in a solution containing 16 microliters of DNA in water. 
Then 2 microliters of 10X ligase buffer (International Biotechnologies Inc.) and 2 microliters of T4 DNA 

45 ligase (New England Biolabs; 400,000 U/microliters) would be added. This ligation reaction mixture would 
be incubated overnight at 14-15* C. 

Competent Escherichia coii strain IG109 cells (I. Goldberg et a/., "Cloning and expression of a 
collagen-analog-encoding synthetic gene in Escherichia colt, Gene 80, 1989, 305-314) would be prepared 
by conventional means (see T. Maniatis et al., op. cit, p. 250). Two microliters of the ligation reaction 

so mixture would be mixed on ice with 100 microliters of competent cells and the mixture left on ice for 30-60 
minutes. The transformation mixture would then be heated at 42* C. for 60 seconds, chilled on ice for two 
additional minutes and then 500 microliters LB broth (T. Maniatis et al., op. cit, p. 440) would be added. 
This cell mixture would be incubated at 37* C. for 45 minutes, the cells would be spun briefly and the 
supernatant would be replaced with 200 microliters of fresh LB broth. Portions of the resuspended cell 

55 pellet then would be plated on LB/ampicillin agar selective plates and the plates would be incubated 
overnight at 37* C. Bacterial colonies found on the s lective plates the next day would be screened to 
confirm the presence of the recombinant plasmid by preparing plasmid mini-preps (T. Maniatis et al., op. 
cit., pp. 368-369). digesting a portion of each plasmid mini-prep with EcoRI and Hindlll restriction enzymes 
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and analyzing the digestion products on an 0.8% analytical agarose gel in IX TBE buffer. 

Regulated expression of the synthetic [(f)MetJ-Magainin 2 gene would be achieved by fermenting a 
recombinant bacterial clone at 37* C. and increasing the temperature of the culture to 42 * C. for 2-60 
minutes. The temperature of the culture could then be reduced to 37* C. for 30-90 minutes before the cells 
would be harvested. The bacterial cell paste could then be passed through a French press and the [(f)Met}- 
Magainin 2 purified^ by conventional means. See, for example. Chapter 16 of Current Protocols in 
Molecular 8/o/ogy. F.M. Ausubel et aL eds.; Wiley Interscience. 1988. 

EXAMPLE 19 - PREPARATION OF AMPPPs, FOR COMPARISON 

A number of peptides related to the AMPPP compounds described in this invention were required for 
comparison purposes. Magainin 2-OH (AMPPP #1) and Magaining 1-OH (AMPPP #2) were purchased from 
Applied Biosystems, Inc., Foster City, CA or were made using the procedures described in Examples 1 and 
3. [Pro ,c ]Mag 2-OH (AMPPP #4) was synthesized by the method given in Example 4, but was purified by 
preparative HPLC using conditions similar to those given in Example 3. The diastereomeric sulfoxides. 
(Met2 1 (S)(0)]Mag 2-OH and [Met 21 (R)(0)]Mag 2-OH (AMPPPs #6 and #7. sterochemistry arbitrarily as- 
signed) were isolated by preparative HPLC as by-products from the synthesis of Magainin 2. [Des Met 21 ]- 
Mag 1-OH (AMPPP #8) was prepared in the same manner as AMPPP #4. [Ala 13 , Ala ,8 ]Mag 2-OH (AMPPP 
#10) was prepared by the method of Example 5. [Des Ser 23 ]Mag 2-OH (AMPPP #21) was prepared in 
Example 9. [Des Gly ; ]Mag 1-OH (AMPPP #24) was prepared in Example 10. Mag 2-NH 2 (AMPPP #29) was 
purchased from Applied Biosystems, Inc.. Foster City, CA. Since all of these peptides were purified by 
HPLC using water/acetonitrile containing 0.1% TFA, it is assumed that they were all present as their 
trifluoroacetate salts. All of the peptides were analyzed by HPLC and found to be at least 94% pure. 

The principles, preferred embodiments, and modes of operation of the present invention have been 
described in the foregoing specification. The invention which is intended to be protected herein, however, is 
not to be costrued as limited to the particular embodiments disclosed, since these are to be regarded as 
illustrative rather than restrictive. Variations and changes may be made by others without departing from the 
spirit and scope of the invention. For example, derivatives of the AMPPPs in accordance with the present 
invention which are equivalent in structure and/or function are encompassed within the scope of this 
disclosure. 

Claims 

1. A composition of matter consisting of or comprising a peptide having the amino acid sequence 

Gly-Ile-Gly-Lys-Phe-Xaa 6 -Xaa 7 -Xaa 8 -Ala-Xaa 10 -Xaa 1 f 

Phe-Xaa 13 -Lys-Ala-Phe-Val-Xaa 18 -Xaa 19 -Ile-Xaa 21 -Lys- 

23 
Xaa" 

wherein Xaa 6 , Xaa 7 , Xaa 8 , Xaa 11 , Xaa 13 , Xaa' 8 , Xaa' 9 , Xaa 21 and Xaa 23 , may be the same or different 
and are selected from the group consisting of Ala, Arg, Orn, Asn, Asp, Gin, Glu, Gly, His, He. Leu, Lys, 
Met, Phe. Pro, 3Hyp f 4Hyp, Ser. Thr, Trp. Tyr, 3,4-dihydroxyphenylalanine and Val, and wherein Xaa 10 
is selected from the group consisting of Ala, Arg, Orn. Asn, Asp, Gin, Glu, Gly, His, lie. Leu. Lys, Met, 
Phe, Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine, and Val, with the proviso that said peptide is not 
Magainin 1. 

2. A composition of matter consisting of or comprising a peptide having the amino acid sequence 

Gly-He-GlyLys-Phe-Xaa^-Xaa 7 -Xaa 8 -Ala-Xaa 10 -Xaa 1:l - 

Phe-Xaa 13 -Lys-Ala-Phe-Val-Xaa 18 -Xaa 19 -Ile-Xaa 21 -Asn- 
Xaa 23 

wherein Xaa s , Xaa 7 , Xaa 8 , Xaa 11 , Xaa 13 , Xaa' 8 , Xaa t3 , Xaa 21 and Xaa 23 may be the same or different 
and are selected from the group consisting of Ala. Arg. Orn, Asn, Asp, Gin, Glu, Gly. His. lie, Leu, Lys, 
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Met, Phe, Pro, 3Hyp, 4Hyp, Ser, Thr. Trp, Tyr, 3,4-dihydroxyphenylalanine and Val. and wherein Xaa' 0 
is selected from the group consisting of Ala. Arg, Orn, Asn, Asp, Gin, Glu, Gly, His, lie, Leu, Lys. Met, 
Phe, Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Val with the proviso that said peptide is not 
Magainin 2, Magainin 2 substituted only at Xaa 21 , Magainin 2 substituted only in at least two of Xaa 8 , 
5 Xaa 13 and Xaa 18 with Ala and with the further proviso that said peptide is not Magainin 2 substituted 

with only a single Ala. 

3. The composition of matter of claims 1 or 2, wherein Xaa 5 is an amino acid selected from the group 
consisting of Asn, Pro, 3Hyp, 4Hyp, lie and Leu, Xaa 7 is an amino acid selected from the group 

w consisting of Phe, Ala, Met, Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine, Gin, Pro. 3Hyp, 4Hyp, Lys, 
Asn, Glu, His, Asp, Orn, and Arg, Xaa 8 is an amino acid selected from the group consisting of Ala, Met, 
Pro, 3Hyp, 4Hyp, Thr, Ser, Trp, Tyr, 3,4-dihydroxyphenylalanine, Gin, Lys, Asn, Glu, His, Asp, Orn, and 
Arg, Xaa 10 is an amino acid selected from the group consisting of Gly, Leu, He, Val, Ala, Phe, Met. Thr, 
Ser, Trp. Tyr, 3,4-dihydroxyphenylalanine, Gin, Lys, Asn, Glu, His, Asp, Orn, and Arg, Xaa 11 is an amino 

75 acid selected from the group consisting of Met, Trp, Tyr, 3,4-dihydroxyphenylalanine, Gin, Lys, His, 

Pro, 3Hyp, 4Hyp, Ser, Orn, and Arg, Xaa 13 is an amino acid selected from the group consisting of Leu, 
He, Trp, Phe, Val, Ala, Gly, Pro, 3Hyp, and 4Hyp, Xaa 18 is an amino acid selected from the group 
consisting of Thr, Trp, Tyr, Asp, Glu, Lys, Arg, Gin, His, Met, Ala, Gly, Pro, 3Hyp, and 4Hyp, Xaa 19 is 
an amino acid selected from the group consisting of Ala, Glu, Pro, 3Hyp, and 4Hyp, and Xaa 21 and 

20 Xaa 23 may be the same or different and are selected from the group consisting of Arg, Orn, Asp. His. 
Glu, Lys, Gin, Tyr. Thr, 3,4-dihydroxyphenylalanine, Trp, Met. Asn, Ser, Ala, Phe, Val, lie, Leu, Pro, 
3Hyp and 4Hyp. 

4. The composition of matter of claim 3, wherein Xaa 6 is Leu, Xaa 7 is an amino acid selected from the 
25 group consisting of Phe, Ala, Met, Thr, Tyr, Gin, Lys, His and Arg, Xaa 8 is an amino acid selected from 

the group consisting of Ser, Ala, Met. Thr. Trp. Tyr, Gin, Lys, Asn, Glu, His, Asp and Arg, Xaa 10 is an 
amino acid selected from the group consisting of Gly. Leu. Val, Ala, Met. Thr, Ser, Trp, Tyr, Gin, Lys, 
Asn, Glu, His, Asp and Arg, Xaa 11 is an amino acid selected from the group consisting of Met, Trp, Tyr, 
Gin, Lys, His, Ser, and Arg, Xaa' 3 is an amino acid selected from the group consisting of Ala, Gly, Leu, 
30 He, Trp, Phe, and Val, Xaa* 8 is an amino acid selected from the group consisting of Ala, Gly, Thr, Trp, 
- Tyr, Asp. Glu, Lys, Arg, Gin, His and Met Xaa 19 is an amino acid selected from the group consisting of 
Ala and Glu, Xaa 21 is an amino acid selected from the group consisting of Arg, Asp, His, Glu, Lys. Gin, 
Tyr, Thr, Trp, Met. Pro, 3Hyp, 4Hyp, and Ala, and Xaa 23 is an amino acid selected from the group 
consisting of Ser, Thr, Val, Ala, Leu, He, Trp, Phe, His, Gin, Pro, 3Hyp, 4Hyp p and Tyr. 

35 

5. The composition matter of any one of claims 1 to 4, wherein said peptide is resistant to degradation by 
at least one plant protease. 

6. The composition of matter of claim 5, wherein at least one of the groups selected from Xaa 7 , Xaa 8 , and 
40 Xaa 21 is substituted. 

7. The composition of matter of claim 6, wherein Xaa 7 is an amino acid selected from the group 
consisting of Phe. Ala. His, Lys, Ser, Glu, Asp, and Arg, Xaa 8 is an amino acid selected from the group 
consisting of Thr, Asp, Ser, Ala, His and Glu, and/or Xaa 21 is an amino acid selected from the group 

45 consisting of Arg, Lys, His. Gin, Trp, Tyr, Thr, Val. Ala. Leu, He, Glu, Asp, Phe, Pro, 3Hyp, 4Hyp. and 

Met. 

8. The composition of matter of claim 7, wherein Xaa 7 is substituted with the amino acid Arg, Lys, Phe, or 
Ala; and/or Xaa 8 is substituted with the amino acid Glu or Thr. 

50 

9. The composition of matter of claim 7, wherein Xaa 8 is Ser or Ala and/or Xaa 7 is His. 

10. The composition of matter of claim 7, wherein a plurality of the groups selected from Xaa 7 , Xaa 8 and 
Xaa 21 . and particularly Xaa 7 and Xaa 8 are substituted. 

55 

11. The composition of matter of claim 10, wherein Xaa 7 is substituted with an amino acid selected from 
the group consisting of Lys. Arg. Phe, and Ala, and particularly Lys and Arg,and/or Xaa 8 is substituted 
with an amino acid selected from the group consisting of Ala, Thr. and Glu.and particularly Glu. 
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12. The composition of matter of claim t, wherein Xaa & is Leu, Xaa 7 is His, Xaa 3 is Ser, Xaa 10 is Gly, Xaa"*' 
is Lys, Xaa' 3 is Ala, Xaa' 8 is Ala. Xaa 19 is Glu, Xaa 2: is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu, Xaa 7 is Lys, Xaa 3 is Ser, Xaa 10 is Gly. Xaa n is Lys. Xaa 13 is Gly. Xaa 18 is Gly. Xaa 13 
is Glu, Xaa 2 ' is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu. Xaa 7 is Arg. Xaa 8 is Ser, Xaa 10 is Gly. Xaa n is Lys. Xaa 13 is Gly. Xaa 18 is Gly, Xaa' 9 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu, Xaa 7 is Phe, Xaa 8 is Ser. Xaa 10 is Gly, Xaa n is Lys. Xaa 13 is Gly, Xaa 13 is Gly, Xaa 19 
is Glu. Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu, Xaa 7 is Ala. Xaa 8 is Ser, Xaa 10 is Gly, Xaa 11 is Lys. Xaa 13 is Gly, Xaa 18 is Gly. Xaa 19 
is Glu, Xaa 2t is Met and Xaa 23 is Ser; or ' 

Xaa 5 is Leu, Xaa 7 is Arg, Xaa 8 is Thr, Xaa 13 is Gly, Xaa n is Lys t Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu. Xaa 7 is Arg, Xaa 8 is Ala, Xaa 10 is Gly, Xaa 11 is Lys, Xaa 13 is Gly. Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu. Xaa 7 is Arg, Xaa 8 is Glu, Xaa 10 is Gly, Xaa n is Lys, Xaa 13 is Gly. Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu. Xaa 7 is Lys, Xaa 8 is Thr, Xaa 10 is Gly. Xaa 11 is Lys. Xaa 13 is Gly. Xaa 18 is Gly, Xaa' 9 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu, Xaa 7 is Lys, Xaa 8 is Ala, Xaa 10 is Gly, Xaa' 1 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu. Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu. Xaa 7 is Lys. Xaa 8 is Glu. Xaa 10 is Gly, Xaa n is Lys. Xaa' 3 is Gly. Xaa 18 is Gly, Xaa :9 
is Glu. Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu, Xaa 7 is Ala, Xaa 8 is Thr. Xaa 10 is Gly, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 is 
Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu. Xaa 7 is Ala. Xaa 8 is Ala, Xaa 10 is Gly, Xaa 51 is Lys, Xaa 13 is Gly. Xaa' 8 is Gly. Xaa 19 is 
Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu, Xaa 7 is Ala, Xaa 8 is Glu, Xaa 10 is Gly, Xaa 11 is Lys. Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu, Xaa 7 is Phe, Xaa 8 is Thr, Xaa 10 is Gly, Xaa' 1 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu. Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu. Xaa 7 is Phe, Xaa 8 is Ala, Xaa 10 is Gly, Xaa 11 is Lys. Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu. Xaa 7 is Phe, Xaa 8 is Glu. Xaa 10 is Gly. Xaa" is Lys. Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu, Xaa 7 is His, Xaa 8 is Ser, Xaa 10 is Gly, Xaa 11 is Pro. Xaa 13 is Gly. Xaa 18 is Gly, Xaa 19 is 
Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu, Xaa 7 is His. Xaa 8 is Thr, Xaa !0 is Gly, Xaa 11 is Lys. Xaa' 3 is Gly. Xaa 18 is Gly. Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 5 is Leu, Xaa 7 is His. Xaa 8 is Glu, Xaa 10 is Gly, Xaa u is Pro, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 is 
Glu, Xaa 21 is Met and Xaa 23 is Ser; or 
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Xaa 5 is Leu, Xaa 7 is His, Xaa 3 is Ser, Xaa 10 is Lys, Xaa i: is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 9 
is Glu, Xaa 21 is Met and Xaa 23 is Ser, or 

Xaa 6 is Leu, Xaa 7 is His. Xaa 3 is Ser, Xaa* 0 is His, Xaa" is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 is 
Glu, Xaa 21 is Met. and Xaa 23 is Ser; or 

Xaa 6 is Leu. Xaa 7 is His, Xaa 8 is Ser, Xaa 10 is Gly, Xaa 11 is His, Xaa 13 is Gly. Xaa 18 is Gly, Xaa 19 is 
Glu, Xaa 21 is Met, and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is His, Xaa 8 is Ser, Xaa t0 is His, Xaa n is His, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 is 
Glu, Xaa 21 is Met, and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is His, Xaa 8 is Ser, Xaa 10 is Gly, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Ala, Xaa 13 is 
Glu, Xaa 21 is Met, and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is His, Xaa 8 is Ser, Xaa 10 is Gly, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly,. Xaa 19 
is Ala, Xaa 21 is Met, and Xaa 23 is Ser. 

13- The composition of matter of claim 2, wherein Xaa 5 is Leu, Xaa 7 is Lys, Xaa 8 is Ser, Xaa 10 is Lys, 
Xaa 11 is Lys, Xaa 13 is Gly, Xaa :S is Gly, Xaa 19 is Glu. Xaa 2 ' is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Arg, Xaa 8 is Ser, Xaa 10 is Lys, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Phe, Xaa 8 is Ser, Xaa 10 is Lys, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Arg, Xaa 8 is Thr, Xaa' 0 is Lys, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Arg, Xaa 8 is Ala, Xaa 10 is Lys, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Arg, Xaa 3 is Glu, Xaa 10 is Lys, Xaa 11 is Lys, Xaa 13 is Gly. Xaa 78 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Lys. Xaa 8 is Thr, Xaa' 0 is Lys, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Lys, Xaa 8 is Ala, Xaa 13 is Lys, Xaa 11 is Lys, Xaa' 3 is Gly. Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu. Xaa 7 is Lys, Xaa 8 is Glu, Xaa 10 is Lys. Xaa 1 * is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Ala, Xaa 8 is Thr, Xaa' 0 is Lys, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Ala, Xaa 8 is Ala, Xaa 10 is Lys, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 is 
Glu, Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Ala, Xaa 8 is Glu, Xaa 10 is Lys, Xaa n is Lys, Xaa 13 is Gly, Xaa t8 is Gly, Xaa 19 
is Glu. Xaa 21 is Met and Xaa 23 is Ser; or 

Xaa 6 is Leu, Xaa 7 is Phe. Xaa 8 is Thr, Xaa 10 is Lys, Xaa 11 is Lys, Xaa 13 is Gly. Xaa 18 is Gly, Xaa t9 
is Glu. Xaa 21 is Met and Xaa 23 is Ser; or 
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' I s "- **" " Hl! ' Xaa " 13 Lys - Xaa " is G,y - '«■'" is G,y - * 

*»*£A L Z*£Z£iX.. V- Xaa '° 15 Lys ' xaa " is His - Xaa " 15 G,y - XM " - G *- » 

^.sxs^r' xaa, ° is his - xaa " is xm " * <*• ><»" » G,y> *»■• * 
* 0 ,r^.r M x ™i x ^ s is Lys ' xaa " ,s "* x "" " ° iy - *»•• » G - «-» 

14. The composition of matter of claim i. wherein Xaa' 9 is Ala. 

15. A composition of matter consisting of or comprising a peptide having the amino acid sequence 

Gly-Ile-Gly-Lys-Phe-Xaa^Xaa^Xaa^Ala-Xaa^-xaa 11 - 

Phe-Xaa -Lys-Ala-Phe-Val-Xaa 18 -Xaa 19 -n e -Xaa 21 -Xaa 22 - 
Xaa 

wherein Xaa 5 , Xaa 7 . Xaa 8 , Xaa", Xaa' 3 Xaa' 8 Xaa 19 Xaa*' vaaza ar , H l. >. 

whe^ Xaa- • s ^ctS , ^ Thr : ^ ^ 3 -^ i "V^-yPne"y.a.anine and' Va! and 
wnerain Xaa is selected from the group consisting of Ala, Arg. Orn. Asn, Asp. Gin. Glu Gly His lie 
Leu. Lys Met. Phe. Ser. Thr. Trp. Tyr. 3.4-dihydroxyphenylalanine and Val and whe ein when Xat Ts 
Lys. Xaa'° may not be Gly and when Xaa* is Asn. Xaa'° may not be Lys. 

16 " olZT^J^**'^**" 9 ° f ° f com P risi "9 an acid se.ected from the group consisting 

L n?,^ ° 1' b K° Und thr0UQh 3 P6ptide b0nd t0 the N -te'minus of an antimicrobial peptide ac ve 
agamst plant pathoghens (AMPPP). wherein one or more amino acids of said AMPPP w suteSSSS 
with an amino acid se.ected from the group consisting of Ala. Arg. Orn. Asn. Asp. Gin. G.u G H s £ 
other than^' ' ^ ^ 3 ^ ih y*°*ypneny.alanine and Va. and wherein any a^ino add 

ad I sTc^tZ * ^ 3t P ° S,ti0n 10 ° f Safd AMPPP may «» substituted wfth an «So 

acid selected from the group consisting of Pro. 3Hyp and 4Hyp. 

17. The composition of matter of claim 16. wherein said AMPPP has an amino acid sequence 

Gly-lle^Gly-Lys-Phe-Xaa^xaa^Xaa^Ala-Xaa^-xaa 11 - 
Phe-Xaa -Lys-Ala-Phe-val-Xaa 18 -xaa 19 -ii e -Xaa 21 -Xaa 22 - 
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wherein Xaa s , Xaa ; , Xaa 8 , Xaa n . Xaa* 3 , Xaa :8 ( Xaa 19 , Xaa 21 . Xaa 22 , and Xaa 23 may be the same or 
different and are selected from the group consisting of Ala, Arg, Orn, Asn, Asp. Gin, Glu. Gly, His, lie, 
Leu, Lys, Met, Phe, Pro, 3Hyp. 4Hyp, Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Val, and 
wherein Xaa 10 is selected from the group consisting of Ala, Arg, Orn, Asn, Asp, Gin, Glu, Gly. His, lie, 
5 Leu, Lys, Met, Phe, Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Val. 

18. A composition of matter consisting of or comprising a single residue omission derivative of the peptide 
defined in claim 15. 

ro 19. A composition of matter consisting of or comprising a double residue omission derivative of a peptide 
having the amino acid sequence 



6 7 8 10 11 

Gly-Ile-Gly-Lys-Phe-Xaa -Xaa -Xaa -Ala-Xaa -Xaa - 

15 phe-Xaa 13 -Lys-Ala-Phe-Val-Xaa 18 -Xaa 19 -Ile-Xaa 21 -Xaa - 

v 23 
Xaa 

20 wherein Xaa s , Xaa 7 , Xaa 8 , Xaa 11 , Xaa 13 , Xaa ;8 , Xaa 19 , Xaa 21 , Xaa 22 , and Xaa 23 may be the same or 
different and are selected from the group consisting of Ala. Arg, Orn, Asn, Asp, Gin, Glu, Gly, His. lie, 
Leu, Lys, Met. Phe, Pro, 3Hyp, 4Hyp. Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Val, and 
wherein Xaa 10 is selected from the group consisting of Ala, Arg, Orn, Asn, Asp, Gin, Glu, Gly, His, He, 
Leu. Lys, Met, Phe, Ser, Thr, Trp, Tyr, 3.4-dihydroxyphenylalanine and Val and wherein when Xaa 22 is 

25 Asn, Xaa 10 may not be Lys. 



20. The composition of matter of any one of claims 18 and 19, further comprising an amino acid selected 
from the group consisting of Met and (f)Met, bound through a peptide bond to the N-terminus of said 
single and, resp., double residue omission derivative of said peptide. 

30 

21. A composition of matter consisting of or comprising an amino acid selected from the group consisting 
of Met and (f)Met, bound through a peptide bond to the N-terminus of a peptide selected from the 
group consisting of single residue omission derivatives of a peptide having a sequence Gly-lle-Gly-Lys- 
Phe-Xaa s -Xaa 7 -Xaa 8 -Ala-GIy-Xaa n -Phe-Xaa 13 -Lys-Ala-Phe-Val-Xaa 18 -Xaa 13 -lle-Xaa 21 -Lys-Xaa 23 . double 

35 residue omission derivatives of a peptide having a sequence Gly-lle-Gly-Lys-Phe-Xaa 6 -Xaa 7 -Xaa 8 -Ala- 
Gly-Xaa n -Phe-Xaa 13 -Lys-Ala-Phe-Val-Xaa l8 -Xaa 19 -lle-Xaa 21 -Lys-Xaa 23 , single residue omission deriva- 
tives of a peptide having a sequence Gly-lle-Gly-Lys-Phe-Xaa 6 -Xaa 7 -Xaa 8 -Ala-Lys-Xaa 11 -Phe-Xaa 1 3 - 
Lys-Ala-Phe-Val-Xaa ,8 -Xaa 19 -He-Xaa 21 -Asn-Xaa 23 , and double residue omission derivatives of a peptid 
having a sequence Gly-lle-Gly-Ly s-Phe-Xaa* -Xaa 7 -Xaa 8 -Ala-Lys-Xaa 1 1 -Phe-Xaa 1 3 -Lys- Ala-Phe- Val- 

40 Xaa ,8 -Xaa 19 -lle-Xaa 21 -Asn-Xaa 23 , wherein Xaa 5 . Xaa 7 , Xaa 8 , Xaa 11 , Xaa 13 , Xaa 18 , Xaa 19 . Xaa 21 . Xaa 23 
may be the same or different and may be selected from the group consisting of Ala, Arg, Orn, Asn, 
Asp, Gin. Glu, Gly, His, He, Leu, Lys, Met, Phe, Pro, 3Hyp, 4Hyp, Ser, Thr, Trp, Tyr, 3,4-dihydrox- 
yphenylalanine and Val. 

45 22. A composition of matter consisting of or comprising a peptide selected from the group consisting of 
single residue omission derivatives of a peptide having a sequence Gly-lle-Gly-Lys-Phe-Xaa s -Xaa 7 - 
Xaa 8 - Ala-Gly-Xaa 1 1 -Phe-Xaa 1 3 -Lys-Ala-Phe- Val-Xaa 1 8 -Xaa 1 9 -Ne-Xaa 21 -Lys-Xaa 23 , double residue omis- 
sion derivatives of a peptide having a sequence Gly-lle-Gly-Lys-Phe-Xaa 6 -Xaa 7 -Xaa 8 -Ala-Gly-Xaa 11 - 
Phe-Xaa 1 3 -Lys- Ala-Phe- Val-Xaa 1 8 -Xaa 1 9 - lle-Xaa 21 -Lys-Xaa 23 . Phe-Xaa 1 3 -Ly s- Ala-Phe- Val-Xaa 1 8 -Xaa 1 9 - 1 

so le-Xaa 21 -Lys-Xaa 23 , single residue omission derivatives of a peptide having a sequence Gly-He-Gly-Lys- 
Phe-Xaa 6 -Xaa 7 -Xaa 8 -Aia-Lys-Xaa n -Phe-Xaa l3 -Lys-Ala-Phe-Val-Xaa 18 -Xaa 19 -He-Xaa 21 -Asn-Xaa 23 , and 
double residue omission derivatives of a peptide having a sequence Gly-lle-Giy-Lys-Phe-Xaa 6 -Xaa 7 - 
Xaa 8 - Ala-Lys-Xaa 11 -Phe-Xaa 1 3 -Lys- Ala-Phe- Val-Xaa 1 8 -Xaa 1 9 -lle-Xaa 21 -Asn-Xaa 23 , wherein Xaa 6 , Xaa 7 . 
Xaa 8 , Xaa 11 . Xaa 13 , Xaa 18 . Xaa 19 , Xaa 21 , Xaa 23 may be the same or different and may be sel cted from 

55 the group consisting of Ala, Arg, Orn, Asn, Asp. Gin, Glu, Gly, His. lie. Leu, Lys. Met, Phe, Pro, 3Hyp. 
4Hyp, Ser. Thr. Trp, Tyr, 3.4-dihydroxyphenylalanine and Val with th proviso that at least one non- 
omitted position is substituted. 
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23. The composition of matter of any one of claims 15 and 17 to 22 wherein y m « c 

selected from the group consisting of Arg. Orn Asp H s Glu l Z r, r , YT K " 
/phenylalanine. Trp Met Asn Ala Pro 1H .n Vri, * !u. Y ' ° 1 Tyr ' 3 - 4 - d,h ydrox- 

se.ected from the'grout IT^M P ^IT Xa^ " ^ 

s selected from the group consisting of Phe Ala u 9 . L T t t I ' " *" am ' no acid 

Gin. Pro. 3Hyp. 4Hyp Lys Asn His a« On * L J' Ty '' 3 -« ih y^yPhenylalanine. 

sCpZ^. 5 ^^ t - t - 5 

SC. Ate. Ph.. Val. lie. Leu. P,o. 3Hyp ana 4Hy|, ' ' *<*"<> a °>"><*»'<H»"<™- T,p. Me,. Asn. 

select ft. a,eup c^nj 0 , « ^ ^ J?- « £ ** " " ".«*» «*■ 

* P^ZSe" 0 " °' "'^ °' ^ 23 ' " Be ' 8 ' n S " id WMe is » ^«0" <*■* 'eas, one 

SHXE S? ? r-'f Te=S? h ~nS 
3Hyp. 4Hyp, V* /Me. Gb Asp. p'h.. £ „ Mel. ' ' 3 ^ a "^y"^ ™r. Pro. 

32. Th. composition el men,, of aim 21 . Xai , ( „ Uo Xaa , |s ^ ^ ^ ^ ^ 
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Xaa 11 is Lys, Xaa 13 is Gly. Xaa 18 is Gly. Xaa 19 is Glu. Xaa 21 is Met, Xaa 22 is Asn. and Xaa 23 is Ser, and 
wherein said Gly in position 1 and said lie in position 2 are omitted, and wherein said amino acid bound 
through a peptide bond to the N-terminus of said peptide is Met; or 

Xaa 6 is Leu, Xaa 7 is His, Xaa 8 is Ser. Xaa 10 is Gly, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu, Xaa 21 is Met, Xaa 22 is Lys, and Xaa 23 is Ser, and wherein said Gly in position 1 and said tie in 
position 2 are omitted, and wherein said amino acid bound through a peptide bond to the N-terminus of 
said peptide is Met; or 

Xaa 6 is Leu. Xaa 7 is His, Xaa 8 is Ser, Xaa 10 is Lys. Xaa n is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 21 is 
Met. Xaa 22 is Asn, and Xaa 23 is Ser and wherein said amino acid bound through a peptide bond to the 
N-terminus of said peptide is Met; or 

Xaa 6 is Leu, Xaa 7 is His, Xaa 3 is Ser, Xaa 10 is Gly, Xaa 11 is Lys, Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 
is Glu. Xaa 22 is Lys, and Xaa 23 is Ser and wherein Xaa 21 is omitted. 

3a The composition of matter of claim 17. Xaa 6 is Leu, Xaa 7 is His, Xaa 8 is Ser. Xaa 10 is Lys, Xaa 11 is Lys. 
Xaa 13 is Ala, Xaa 18 is Ala, Xaa 19 is Glu. Xaa 21 is Met. Xaa 22 is Asn, and Xaa 23 is Ser, and wherein said 
amino acid bound through a peptide bond to the N-terminus of said peptide is Met: or 

Xaa 6 is Leu, Xaa 7 is His, Xaa 8 is Ser Xaa 10 is Gly. Xaa 11 is Lys, Xaa' 3 is Gly, Xaa ,s is Gly, Xaa 19 is 
Glu, Xaa 21 is Met. Xaa 22 is Lys, and Xaa 23 is Ser, and wherein said amino acid bound through a peptide 
bond to the N-terminus of said peptide is Met; or 

Xaa 6 is Leu, Xaa 7 is His, Xaa 8 is Ser. Xaa 10 is Gly, Xaa 11 is Lys, Xaa 73 is Ala, Xaa 18 is Ala, Xaa 19 is 
Glu, Xaa 21 is Met, Xaa 22 is Lys, and Xaa 23 is Ser, and wherein said amino acid bound through a peptide 
bond to the N-terminus of said peptide is Met. 

34. The composition of matter of claim 19. wherein Xaa 6 is Leu. Xaa 7 is His, Xaa 8 is Ser, Xaa 10 is Gly. 
Xaa n is Lys. Xaa 13 is Gly, Xaa 18 is Gly, Xaa 19 is Glu, Xaa 21 is Met, Xaa 22 is Lys, and Xaa 23 is Ser and 

- wherein said Gly in position 1 and said lie in position 2 are omitted; or 

said peptide has the sequence Gly-lle-Gly-Lys-Phe-Leu-His-Ser-Ala-Gly-Lys-Phe-Gly-Lys-Ala-Phe- 
Vai-Gly-Glu-lie-Met; or 

Gly-lle-Gly-Lys-Phe-Leu-His-Ser-Ala-Lys-Lys-Phe-Gty-Lys-Ala-Phe-Val-Gly-Glu-lle-Met. 

35. The composition of matter of claim 20. wherein said peptide has the sequence Gly-lle-Gly-Lys-Phe- 
Leu-His-Ser-Ala-GLy-Lys-Phe-Gly-Lys-Ala-Phe-Val-Gly-Glu-lle-Met; or 

Gly-lle-Gly-Lys-Phe-Leu-His-Ser-Ala-Lys-Lys-Phe-Gly-Lys-Ala-Phe-Val-Gty-Glu-lle-Met. 

36. A composition of matter consisting of comprising a peptide having between about 18 and about 23 
amino acid residues, said peptide being a derivative of a peptide having the amino acid sequence 

Gly-Ile-Gly-Lys-Phe-Xaa 6 -Xaa 7 -Xaa 8 - Ala-Xaa 1 0 -Xaa 1 1 - 
Phe-Xaa 13 -Lys-Ala-Phe-Val-Xaa 18 -Xaa 19 -Ile-Xaa 21 -Xaa 22 - 

Xaa 

wherein Xaa 6 , Xaa 7 , Xaa 8 . Xaa 11 . Xaa 13 . Xaa 18 , Xaa 19 , Xaa 21 , Xaa 22 , and Xaa 23 , may be the same or 
different and are selected from the group consisting of Ala, Arg, Orn, Asn, Asp, Gin, Glu, Gly, His, He, 
Leu, Lys, Met, Phe, Pro, 3Hyp, 4 Hyp, Ser, Thr, Trp. Tyr, 3,4-dihydroxyphenylalanine and Val, and 
wherein Xaa 10 is selected from the group consisting of Ala, Arg, Orn, Asn, Asp, Gin, Glu, Gly, His, Me, 
Leu, Lys, Met. Phe, Ser, Thr, Trp, Tyr, 3,4-dihydroxyphenylalanine and Val. said peptide being 
substituted such that it is resistant to proteolytic degradation by at least one plant protease. 

37. The composition of matter of claim 36, wherein at least one of the groups selected from Xaa 7 , Xaa 8 , 
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Xaa 2 '. and Xaa 22 is substituted. 



38. The composition of matter of claim 37. wherein Xaa' is an amino acid selected from the q, m 
ZZT 9 °! ^ LyS ' ° rn ' G,U ' ASP ' and ArQ ' Xaa8 is a " «*» «* se^ed from he g Z 

fVnm J£ „ P ' yr ' f ' A ' 3, Pr °' 3HyP ' 4Hyp ' and Met - and Xaa * & an amino acid selected 

ZXtt^pZZS-X H '" S - G,n ' T - ^ S - 3.-~hen y ,a,anine. Th, ^ 

39. The composition of matter of claim 38. further comprising an amino acid selected (mm th- „ „ 
consisting of Met and (f)Met. bound through a peptide oond'to theTelinus 

residue omission derivative thereof. or aouDie 

40. The composition of matter of any one of the preceding claims, wherein said peptide is substantially 

41 - ^«z^^:^:;: r ^r^ c,aims - wherein said — * - - - a 
4 * ^TK^sxis: one of ,he preceding c,aims - further comprisin9 a - nh2 9r ° up 

41 ZZSt STaSg tre^afor^ *"» * ^ P ~ 

44 - SXJZSZ^ZS* 01 9xpressin9 at ,east one peptid ° or ~ —* - 

4S ' segTn^'stclToT C ° nSiSt '' n9 °' C ° mPriSin9 * ^ oli ^-.eotide having the nudeotide 

(a) GGNATHGGNA ARTTYNNNNN NNNMGCNNNN NNNTTYNNNA 40 
ARGCNTTYGT NNNNNNNATH NNNAARNNN 69 

caa^tT^ T 9 "" 21 ' N22 ' N24 ' N31 - N33< N37 - N39 ' N52 " N54 ' N55 - N 57. N61-N63. and N67-N69 
cooperate to code for an amino acid which may be the same or different and are selected from the 

rT^TZ 9 .° T Ar9 ' AS "' ASP ' G,n ' G,U ' Gly " HiS ' ,te - Leu ^ Met. Phe. Prller Thr C 
Jnn » Val A f nd A wherein N 28-N30 cooperate to code for an amino acid selected from the groLo 
cons.st.ng of Ala. Arg, Asn. Asp, Gin, Glu, G.y, His. lie. Leu. Lys. Met. Phe. Ser. Th Tr ° Ty a nS Z 
w,th the provso that said oligonucleotide may not code for Magainin 1 ; 

(b) GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYNNNA 40 
ARGCNTTYGT NNNNNNNATH NNNAAYNNN 69 

wherein N16-N18. N19-N21, N22-N24. N31-N33. N37-N39. N52-N54. N55-N57 N61-N63 and N67-N69 
ZZZ^J°",*Z an A amin ° 3dd WhiCh may ° e the Sa ™ or Cerent and are sefecTed from* 
Z ,n?Z , 9 h k 3, ^ ASn ' ASPl Gln ' G,Ul G,y ' His ' "•• Leu - «-y* Met. Phe. Pro. Ser. Thr T T P 

co^silo of A^^r" A N28 *? 3 ° C0 ° Pera,e ,0 COde for an «"•"• «* ***** from the group 
cons sting of Ala. Arg. Asn. Asp. Gin. Glu. Gly, His. lie, Leu. Lys, Met. Phe. Ser. Thr. Trp Tyr and Vaf 

w,th the provso that said oligonucleotide may not code for Magainin 2. Magainin 2 substituted 'only at 

positon 21. Magainin 2 substituted only in at least two of positions 8. 13 ^a JuZt^^Z 

further provso that said peptide is not Magainin 2 substituted with only a single A.a and 
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(c) GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYNNNA 4 0 

ARGCNTTYGT NNNNNNNATH NNNNNNNNN 69 

5 

wherein N16-N18, N19-N21, N22-N24, N31-N33, N37-N39, N52-N54, N55-N57, N61-N63, N64-N66. 
N67-N69 cooperate to code for an amino acid which may be the same or different and are selected 
from the group consisting of Ala, Arg, Asn, Asp, Gin, Gtu, Gly, His, lie, Leu, Lys, Met, Phe, Pro, Ser, 
Thr, Trp, Tyr, and Val, and wherein N28-N30 cooperate to code for an amino acid selected from the 
io group consisting of Ala, Arg, Asn, Asp, Gin, Glu, Gly, His, He, Leu, Lys, Met, Phe, Ser, Thr Trp, Tyr, 

and Val with the proviso that when N64-N66 cooperate to code for the amino acid Lys, N28-N30 may 
not cooperate to code for the amino acid Gly and when N64-N66 cooperate to code for the amino acid 
Asn, N28-N30 may not cooperate to code for the amino acid Lys. 

75 46. A composition of matter consisting of or comprising a first plurality of nucleotides which cooperate to 
code for an amino acid selected from the group consisting of Met and (f)Met. said first plurality of 
nucleotides being bound through a phosphodiester bond to a second plurality of nucleotides which 
cooperate to code for an AMPPP, wherein one or more amino acids thereof are substituted with an 
amino acid selected from the group consisting of Ala, Arg, Asn, Asp, Gin, Glu, Gly, His, He, Leu, Lys, 

20 Met. Phe, Ser, Thr, Trp, Tyr, and Val and wherein any amino acid other than the amino acid at position 

1 0 of said substitution derivatives of Magainin 1 or Magainin 2 may additionally be substituted with Pro. 

47. A composition of matter consisting of or comprising a trinucleotide omission derivative of an 
oligonucleotide having the nucleotide sequence 

25 

GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYNNNA 40 
ARGCNTTYGT NNNNNNNATH NNNNNNNNN 69 

30 wherein N16-N18, N19-N21. N22-N24, N31-N33, N37-N39, N52-N54, N55-N57, N61-N63. N64-N66, 

._ N67-N69 cooperate to code for an amino acid which may be the same or different and are selected 
from the group consisting of Ala, Arg, Asn, Asp, Gin, Glu, Gly, His, He, Leu, Lys, Met, Phe, Pro, Ser, 
Thr, Trp, Tyr, and Val, and wherein N28-N30 cooperate to code for an amino acid selected from the 
group consisting of Ala, Arg, Asn, Asp, Gin, Gtu, Gly, His, He, Leu, Lys, Met, Phe, Ser, Thr, Trp, Tyr, 

35 and Val and with the proviso that when N64-N66 cooperate to code for the amino acid Lys, N28-N30 
may not cooperate to code for the amino acid Gly and when N64-N66 cooperate to code for the amino 
acid Asn, N28-N30 may not cooperate to code for the amino acid Lys; and/or a six-nucleotide omission 
derivative of an oligonucleotide having the nucleotide sequence 

«o GGNATHGGNA ARTTYNNNNN NNNNGCNNNN NNNTTYNNNA 40 

ARGCNTTYGT NNNNNNNATH NNNNNNNNN 69 

wherein N16-N18. N19-N21, N22-N24, N31-N33, N37-N39, N52-N54, N55-N57, N61-N63, N64-N66, 
N67-N69 cooperate to code for an amino acid which may be the same or different and are selected 
from the group consisting of Ala, Arg, Asn, Asp, Gin, Glu, Gly, His, He, Leu, Lys, Met, Phe, Pro, Ser, 
Thr, Trp. Tyr, and Val, and wherein N28-N30 cooperate to code for an amino acid selected from the 
group consisting of Ala, Arg, Asn, Asp, Gin, Glu, Gly, His, He, Leu, Lys, Met, Phe, Ser, Thr, Trp, Tyr, 
and Val and with the proviso that when N64-N66 cooperate to code for the amino acid Asn, N28-N30 
may not cooperate to code for the amino acid Lys; 
and, optionally, 

a plurality of nucleotides which cooperate to code for an amino acid selected from the group 
consisting of Met and (f)Met, said plurality of nucleotides being bound through a phosphodiester bond 
to the 5'-terminus of said oligonucleotide. 

48. A process for retarding plant pathogens which comprises contacting said plant pathogens with at least 
one antimicrobial peptide as defined in any one of claims 1 to 42 or mixtures thereof. 
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^ LTiT SCreeni 1 9 3 compound to determine its resistance to degradation by at least one o.ant 

54 c A o=d s a 

med.um and collecting said medium containing afleast onTfJLSSZSZ^ 
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